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How Well Does the Industry Progress / 49 


Trends—Otften, much can be and is deduced from the 
annual reports of the major chemical producing companies. 
Our analysis of the present crop of reports indicates reasons 
why there seems such a decided possibility 1956 may sur 
pass 1955 in manufacturing output. 


C.E.P. SPECIAL FEATURE 
Standardization of Processing Equipment 
The beginning of a new era / 129 


]. C. Lawrence—Much of the key equipment closest to the 
heart of a chemical engineering process has never been 
seriously regarded as standardizable. This was partly due 
to the degree of advantage realized through custom spe 
cifications. Now it appears that a cooperative effort be- 
tween buyers and sellers of chemical centrifugal pumps 
will bring desired results. 


What the chemical wants / 130 
D. C. Brand—50%, of the initial investment for cen 
trifugal pumps in the chemical industry is spent each year 
on replacement and maintenance. A total as high as $6.8 
million could be saved within the industry each year upon 


achievement of a standard dimensional framework. 


What the centrifugal pump manufacturers can do / 135 
M. L. Murdock—Dimensional interchangeability of 
pumps will result ultimately in a completely new line of 
pumps offered by the manufacturers. This could cost each 
pump company approximately $200,000. 


Size reduction as a nucleation process / 139 
W.H.C. Simmonds—in spite of there being no readily 
evident common relation between such diverse operations 
as crushing, boiling and dropwise condensation, and crystal 
lization, all do represent the creation of new interfaces. 


Chemical engineering aspects of jet propulsion / 143 


Louis R. Rapp—There is a surprisingly large number 
of problems in the field of jet propulsion which require the 
services of the chemical engineer. 


Pebble furnace fixes atmospheric nitrogen / 149 


E. D. Ermenc—The new Wisconsin thermal process has 
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The Vi Brox Barrel 
and Drum Packer with the exclusive 
mechanical rocking-vibrating motion 
packs more material in the drum or 
barrel or permits the use of smaller, 
lower-cost containers; cuts packing 
time; and reduces packing labor as 
much as one-third. Yes, in packing 
most dry powdered, flake, or granular 
materials, the Vi Brox Packer makes a 
big difference in the over-all packing 
costs—big enough, many users say, to 
pay for the Vi Brox in a few months 

Operation of the Vi Brox is continu 
ous. No clamping of the container is 
necessary as the motion of the plat 
form keeps the container in place 
And, the rugged construction of the 
Vi Brox Packer has proved capable of 
trouble-free daily service for years, 
even when packing the heaviest con 
tainers 

Several sizes of ViBnaox Packers are 
available for packing boxes, cans, car 
tons, kegs, drums, and barrels having 
Capacities of trom § to 1000 pounds 
Other models are used for packing 


bags weighing up to 1§0 pounds 


Complete information and 
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How to IMPROVE Process Vessel PERFORMANCE 


By effecting clean separation of liquid from vapor In evaporators, by controlling liquid carry-over 


product loss is avoided, and high purity condensate 


Yorkmesh Demisters improve process vessel per- 
is suitable for boiler feedwater or process use. 


formance. 


In distillation equipment liquid entrainment is In steam drums the result is clean, dry steam. 


controlled, giving better quality overhead products 


even at increased thruput rates. In vent stacks Yorkmesh Demisters contribute to 


the solution of air pollution problems. 


In refinery vacuum towers, higher — gas 
oil means higher conversion rates to gasoline in the 
eat Gade. Write for Bulletin 17 and a complete list of the 


In absorbers, loss of absorbing liquid is pre- 
vented. 


In separator vessels ond knock-out drums 
greater liquid recovery results. 


In compressor suction drums, complete liquid 
separation decreases compressor maintenance. OTTO H. YORK COMPANY, INC. 
6 Central Avenue, West Orange, N.J. 


Specialists in FLUIDS SEPARATION / ENGINEERS and MANUFACTURERS 
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been given a thorough trying out at a 40 ton/day (HNQO,) 
demonstration plant at Sunflower Ordnance Works. 


The chemical engineers’ nuclear future / 154 
C. Rogers McCullough—There’'s a lot more to our nuclear 
future than atomic power \mong the promising and 
exciting uses of the atomic pile of the future may be as 
furnaces for chemical reactions taking place at tempera 
tures as high as 3000 to 4000° F. 


What's in Symposium Series Volume 50 / 156 
\bstracts of papers from the C.E.P Symposium Series No 
15, Vol. 50, on “Mineral Engineering Techniques.” To be 
continued in a later issue 


Design data for thermosiphon reboilers / 161 
D.C. Lee, G. Z. Moore, & F. D. Mayfield—These natural 
circulation evaporators are widely used in the chemical 
industry, although little has been published on their heat 
transfer cocthcients and maximum allowable heat fluxes 


Freeze seal valves and pumps solve liquid metals problem / 157 
R. Cygan & A. M. Stelle—The “treezing” of molten metal 
around stationary or rotating shafts, slip expansion joints 
in piping, instrument lead-throughs, and other applications 
offers an casy solution to what might otherwise be a serious 
problem of containment, 


The high efficiency engine as a compressor driver / 165 
G. C. Woodard & T. O. Kuiwinen—The large diesel and 


gas engines used to drive compressors in the process indus 
tries have undergone important developments in the last 
few years. 
New Orleans reminder / 51 
Late illustrated news rushes from the scene of the next 
Institute meeting should remind you to go—il you haven't 
already decided. 


Survey of project engineering—Part li / 52 
C. W. Barkow—In the March C.E.P., general results and 
conclusions were given. Now the author continues with 
more specific information about his sampling and results. 


New plants & projects / 60 


Industrial News—The story on General Aniline’s new 
high pressure acetylene synthesis plant, plus others 


Measuring performance of engineers & scientists / 78 


R. A. Kinckiner—The techniques used for assuring each 
professional employee ina sizable organization a fair evalua 
tion of his services. 


Los Angeles meeting pictures and report / 84 


What smog? . . . roundtable on project economics . 
panel advises on supervising professional employees 
other subjects, 


Murphree made missiles czar / 92 
Prominent chemical engineer, who was until recently 
a director of the Institute, now runs our nation’s program 
for development of the intercontinental (and other) 
missiles, 
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TOUGH ACE-ITE PLASTIC PIPE 


General-purpose moderately priced rub- 
ber-plastic pipe handles most common 
chemicals to 170 deg. F. .. . except few 
strong acids and organic solvents. Tough, 
odorless, tasteless. Rigid pipe 4%" to 6”. 
Bulletin 80. 


VALVES 
for all-plastic piping systems 


| 


Trouble-free piastic diaphragm 
valves .. . choice of general- 
purpose Ace-lre, Ack Pantan 
(polyethy'ene) or Ack 

Handles most corrosive 
chemicals and food 

ingredients. Sizes 4%” to 2”, 

50 psi. at 77 deg. F. 
Bulletins 80 and 351. 


RIGID VINYL . STRONG. 


AGE-PROOF 


1001 USES for ACE-FLEX Tubing 


Ace Rivicton is a new rigid threaded 
plastic pipe with good aging and high 
impact strength. Not affected by most 
inorganic acids and alkalis, also excellent 
for many organics. Sizes 4%" to 4”. Ask 
for Bulletin CE.56, 


Excellent chemical-resistant, all-purpose 
flexible plastic tubing. Sparkling clear, 
easy to clean, odorless, non-toxic, can be 
steam-sterilized. 4%” to 1” ID. Bul. 66. 


ACE processing equipment of rubber and plastics 


© AMERICAN HARD RUBBER COMPANY 
93 WORTH STREET NEW YORK 13, 
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TO THE EDITGR 


A Note of Caution 


I was interested to see that you con- 
sidered that a table in a paper | wrote 
for the United Nations Atomic Energy 
Conference held at Geneva last year was 
of sufficient interest to warrant repro- 
duction in your journal, [Criteria for 
equipment for 
C.E.P., February, 


selection of separation 


processes,” 1956, 
page 78.] 

However, I would like to point out 
that you have committed the ethical sin 
of only partial quotation. The table as 
reproduced in your journal appears 
over-authoritative. In the original paper 
the following cautionary sentences were 
included : 


“The figures given for the total activity 
present in a cell are only relative and 
would be affected by the size of plant 
and of containing cell. Also, the re- 
marks on the possibility of entering 
the cell are only a rough guide and are 
subject to variation for different types 
of plant.” 


A note was also included at the foot 
of the table. 

The effect of the presence of radio- 
activity on the design and servicing of 
plant for nuclear reactors as well as for 
separation processes is of considerable 
interest at the present time. I was 
rather alarmed at the oversimplification 
of these complex problems in your quo- 
tation. 

Without attempting a detailed, quan- 
titative analysis it is apparent that the 
following factors would affect the radia- 
tion background in a cell containing 
plant handling radioactive materials: 


1. The activity and energy of the source 

2. The size of the source and its nature, 
e., whether in solution in a solvent 
which would provide “self-absorption” of 
radiation. 

3. The size of the cell. 


(Continued on page 12) 
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For Precision Plate Heat Exchanger Performance... 


SPECIFY LAVAL! 


Every phase of the design and engineering in a De Laval 
Plate Heat Exchanger is aimed at giving you the most 
precise operation possible. 


De Laval delivers... 


HIGH THERMAL EFFICIENCY... De Laval 
plates are so designed as to produce strong 
turbulence and high velocity... achieving 
maximum heat transfer. 


HIGH PRESSURE RESISTANCE ...De Laval 
plates are made of heavier gauge stainless 
steel than ordinarily used...plate throats are 
pressed to provide greater strength...internal 
stress in plates is minimized by design. 


PRECISION TIGHTENING ...De Laval cap 
nuts on tightening boars are fitted with thrust 
ball bearings and thrust washers... clearly 
stamped indicating marks make it easy to 
tighten to same tension each day. 


SIMPLE CLEANING ...The De Laval Heat 
Exchanger is designed for easy cleaning 
either by back-flushing or manual washing. Unit 
is easily opened for inspection and cleaning. © 


Get all the facts . . . today! Write for De Laval 
Heat Exchanger Bulletin. 


LAVAL 


plate heat exchangers 


427 Rancoiph Gt. Cricage 6 OF LAVAL PACIFIC CO 201 Ave, Milleree, Cart 


THE OF LAVAL SEPARATOR COMPANY New 
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THE FOXBORO 


The M/58 Controller's Revolutionary 


Floating Disc System 
Here’s the exclusive Foxboro design development that gives 
M/58 Control its unique versatility, precision, and stability. 
The floating disc and matched bellows assure uniformly high 
controller sensitivity and pin-point control action, even at 
widest settings of the proportional band. Lever-set propor- 
tional band adjustment is calibrated to 500%. 


Component Construction 
Gives Unrivaled Versatility 


Not only is the complete controller easily detachable as a 
unit, but also, each component is a “plug-in” unit. For 
example, reset plugs in at right as shown; derivative, 
similarly, at left. All 4 control actions, with 2 reset ranges, 
are available and easily adjustable to widest variations in 
operating conditions. Proportional action from 1 to 500% 
quickly set by lever. 


CONSOTROL 


The Foxboro M/58 Consotrol Controller 
(shown full size, without cover). Can be panel-mounted 
on Gonsotrol Control Station, or field-inounted. 


’ 
i 


If you think this claim is exaggerated, just put a 
Foxboro M/S8 Consotrol* Controller on your process. 
The tougher the job, the more it will outperform other 
controllers! Or ask any present user... many of the 
largest, most progressive petroleum and chemical 
processors are using hundreds of these instruments. 
They will unhesitatingly confirm that this exclusive 
Foxoboro development has put their processes “on 
stream”, automatically and smoothly from the control 
room, without false sta:ts or confusion. 

The M/S8 Controller can do the same for your 
process. The flexibility of its control functions makes 


*Reg. U.S. Pat. Olt. 


OXBOR 


it readily adaptable to all processing techniques. All 
four actions are available, with two ranges of reset 
... all are easily adjustable to the most widely vary- 
ing operating conditions. For example, reset and 
derivative functions plug in . . . proportional action 
from 1 to 500% can be quickly set by a lever. And 
calibration is a simple zero adjustment! 

Get full details on this simple, truly “universal” 
Controller. Write for Bulletin 13-19 and ask your 
Foxboro Sales Engineer for a demonstration. The 
Foxboro Company, 934 Neponset Ave., Foxboro, 
Mass., U.S.A. 
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quick, 
thorough 
mixing 
of 


dry 
products 


with the NEW Nauta Mixer 


Precessional motion of Nauta speeds production... cuts costs 


Uniform, quick mixing of any number of dry 
materials in any proportions . . . wetting dry 
materials with small quantities of liquid . . . or 
dissolving solids in a liquid media . . . these are 
the exclusive features of the new Nauta Mixer. 
The gentle, yet positive action of the precessional 
motion of the Nauta intimately mixes products 
in any proportion . . . without dusting or change 
in their original characteristics. 

By shortening time cycles required for thorough 
mixing, the Nauta Mixer increases production. \., THOROUGHLY MIXED 
The revolutionary precessione! motion means leas MATERIALS ore 
power consumption. This is a combination that dacherged here 
results in substantially lower costs. ; : For profitable use in many industries 

Why not try the new Nauta Mixer in your She on 

A - advantages auta xers can enjoyed 
operations? We will gladly send complete infor- wherever dry materials require thorough mixing. 


mation on request. Agricultural products Meat 
Ceramic materials Meta! powders 


STATIONARY BODY 


JACKETED BODY 


REVERSIBLE SCREW 


Chemicals Paint pigments 
Cosmetics Pharmaceuticals 


Let us Pretest your product Dissolving viscose rayon and plastica 


A quantity of your product ingredients can be i, creme 


mixed under actual production conditions in a Sugar 
Nauta Mixer now in the Buflovak Research otici Many other products 
Laboratory and Testing Plant, with positive re- 
sults, Let us tell you about this service. 


Buflovak Equipment Division of Blaw-Knoox 
ASK FOR BULLETIN NO. 374 } ~~ is the ‘cateien licensee for the Nauta 
Mixer. It is built to the same exacting standards for 
which Buflovak is famous in building evaporstors, 
dryers, autoclaves, kettles and other equipment. 


BLAW-KNOX COMPANY 


Buflovak Equipment Division, 1567 Fillmore Avenue, Buffalo 11, N.Y. 
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MILLING NIPPLE THREADS 


Finishing operations on GLC electrodes, anodes and 
mold stock are performed with the utmost precision. A strict 
system of gaging and inspection is required at this stage. 


The craftsmanlike spirit of our milling, machining and 
inspection personnel is a distinctive plus factor in the effici- 
ency of GLC carbon and graphite products. 


The high degree of integration between discoveries in 
our research laboratories, refinements in processing raw 
materials, and improved manufacturing techniques is further 
assurance of excellent product performance. 


ELECTRODE 


Diviston 


Great Lakes Carbon Corporation. 


APHITE ELEC TRRODES, ANODES. MOLDS and SPECIALTIES 


ADMINISTRATIVE OFFICE: 18 East 48th Street, New York 17, N.Y. PLANTS; Niagara Falls, N. Y., Morganton, N. C. OTHER OFFICES: Niegere Folls, N.Y, 
Ook Park, tll., Pittsburgh, Po. SALES AGENTS: J. B. Hoyes Compony, Birminghom, Ale., George O. O'Hara, Wilmington, Cal, SALES AGENTS IN OTHER 
COUNTRIES: Great Northern Carbon & Chemicol Co., Ltd., Montreal, Canada; Great Eastern Carbon & Chemical Co., Inc., Chiyode-Ky, Tokyo, Jopen 
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Goslin-Birmingham’'s 
complete, integrated 
organization is always § 
at your disposal, Our 
process engineers are 
available for prompt, 
on-the-spot technical 
consultation and plan- 
ning. G-B takes YOUR 
processing problem 
and comes up with the 
solution...from planning 
board to installation. Planning, 
designing, casting, fabricating, instal- 
ling ...G-B shoulders the load all the way. It 
will pay to solve your processing problems the G -B way. 


Shown here are two self-supporting, sextuple effect alumina liquor evapora- 
tors now in use at the Reynolds Metals plant in Corpus Christi, Texas. 


G-B Engineers are at your service any time 
to discuss your processing problems 
+++ without cost or obligation. 


GOSLIN-BIRMINGHAM 
MANUFACTURING CO., INC. 
BIRMINGHAM « ALABAMA 
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4. The orientation of plant in the cell. 

5. The nature of the shielding and other 
materials in the cell. They can influence 
the reflection and scattering of radiation. 
With plants handling than 

moderate amounts of radioactivity, it is 

usually necessary to remove process ma- 


more 


terials from the plant, e.g., by draining, 


and to decontaminate the plant by wash- 


ing it out with “inactive” process liquors 


and special decontaminating agents. A 


plant designed with a view to facilitat- 


ing operations will clearly be in a more 
favorable position for so-called “con- 
tact” servicing than one in which these 


aspects are ignored. Ease of draining 


is a clear design requirement. The ma- 


terial of which the plant is made can 
be important since some materials are 
easier to decontaminate than others. The 


nature of the process materials can af- 
fect the 
construction 


materials of 
radioactive isotopes can exchange with 


alloy 


extent to which 


become radioactive, 


their inactive counterparts in 


steels. 


For the above reasons it is usually 
very difficult, if not impossible, to pre- 
determine the radiation background that 
will exist in a cell and, hence the length 
of time operators may be permitted to 
remain in the area. Some estimate must 
be made since the servicing philosophy 
selected vitally affects the design of the 
plant and its containing cell. In the de- 
sign of the first radioactive plants con- 
servative approaches were necessarily 
taken to these problems with the result 
that those plants were overexpensive. 
Considerable experience has now been 
accumulated on these matters, experi- 
ence that is locked up in the files and 
reports of the operating factories. In 
the interests of furthering the technol- 
ogy in these new fields, you may be in- 
terested in inviting contributions from 
persons with the necessary experience. 
The published papers by Harty (J), 
and by Lemon and Reid (2) may be of 
interest to you as showing that this is 


not all “classified” information. 


Literature Cited 


1. Harty, W. M., Chem. Eng. Progr. Symposium 
Series No. 13. Nuclear Engineering— 
Port iil, SO, p. 115 (1954). 

2. Lemon and Reid. International Confer- 
ence on the Peaceful Uses of Atomic En- 
ergy, Geneva (1955). 

C. M. Nicholls 


Harwell, England 


(More Letters to the Editor on page 18) 
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FOR VITAL FLOW CONTROL 


HETHER you're developing a new process or modernizing an 
old one—investigate the unique characteristics of the bear- 
ingless Pottermeter. 

This electronic flowmeter—easily installed in any type of piping 
to operate at any angle, at any pressure and at temperatures 
from —450 to +1200°F, measures flow of any liquid with 
an accuracy of +'. of 1%. 

Pottermeters are available to measure flows as low as 0.07 
GPM or as high as 3,000 GPM. The inherently linear 
output of the Pottermeter makes it ideal for systems 

to control either flow rate or total flow. 


Find out how the bearingless “floating 
rotor” used in the Pottermeter can give 
you more precise flow measurement, longer 
trouble-free service life, and more accurate 
flow control. 


Write for Bulletin PS-1 


POTTER AERONAUTICAL COMPANY 
Or Route 22 - Union, New Jersey - Phone MUrdock 6-3010 
Makers of “Potter Engineered” products 
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THE CASE HISTORY — Globe- 
Union Inc., leading storage battery 
builder, in its Milwaukee plant, 
might have decided plastic piping 
wasn't for them and let it go at 
that. Instead, they gave Crane 
plastic products a fair trial, and 
here are the results. 

On hydrochloric acid lines to 
zinc-plating tanks, the metal pipe 
and fittings formerly used had to be 
replaced completely about every 
month, Corrosion was the cause. 

With Crane polyethylene pipe 
and Crane plastic fittings in this 
same service, after more than 3 
months there is no sign of deteriora- 
tion and no apparent need of early 
replacement. 

On battery test tanks, Crane 


They’re saving 4 ways by 
handling acids with 
Crane Plastic Piping 


plastic piping, exposed to built-up 
sulphuric acid concentration, looks 
good as new after more than 4 
months’ service. 


Savings with Crane plastic pip- 
ing are adding up 4 ways. Plastic 
cancels the need for costlier metal 
pipe. It is installed in a fraction of 
the time it takes for metal pipe and 
fittings. It reduces installation to 
a one-man job with simple hand 
tools. The longer life of plastic is 
saving replacement, maintenance 
and housekeeping costs. 


Proved in severest services, 
Crane plastic piping is giving Globe- 
Union equal satisfaction on many 
low-pressure air and water lines. 
Here freedom from sweating is 
another advantage of plastic. 


Once you know the facts of qual- 
ity-designed, quality-made Crane 
polyethylene pipe and Crane plas- 
tic insert fittings, you, too, will see 
many opportunities for saving with 
this modern piping. Call your local 
Crane Representative today, or 
write to address below. 


Crane adapter makes plastic-to-metal joints easy 


CRAN E PLASTIC PIPING 


VALVES © FITTINGS © PIPE © KITCHENS © PLUMBING ¢ HEATING 


Since 1855—Crane Cc., General Offices: Chicago 5, Ill. Branches and Wholesalers Serving All Areas 
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Struthers Wells now offers a line of Standard heat 

exchangers—in sizes from 20 to 400 square feet 

of surface—including fixed tube sheet, floating 

head and U-tube units. Condensers, coolers, heat- 

ers and reboilers can be supplied in single and 
multipass tube arrangements. 

Standard 

heat exchang- 

er construction 


includes materials of carbon steel, non-ferrous 
alloy, and stainless alloys Type 304 and Type 316. 
Equipment meets highest construction standards, 
including ASME Code and TEMA Class A. 
Typical units are illustrated above, including a 


| partial view of those in stock, ready for immediate 


shipment. Standardization of design and quantity 
manufacture enables us to offer this equipment at 
very reasonable cost. 


Any Size Available for Quick Delivery! 


STRUTHERS WELLS Corporation 


WARREN, PA. 
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PROCESSING EQUIPMENT DIVISION 
Crystoliizers . . . Direct Fired Heaters. . . 
Evaporators... Heat Exchangers... Mining 
: and Blending Units . . . Quick Opening Doors 
« Speciel Corben ond Alley Processing 
Vessels . . . Synthesis Converters 
BONER DIVISION 
Low Pressure ... Woter Tube ... Fire Tube... 
Pockage Units 
FORGE DIVISION 
Cronkshotts . . . Pressure Vowel .. . 
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Bock vp Rolls 
MACHINERY DIVISION 
MACHINERY for Sheet ond Structural Metel 
forming . Tengen Benders . Folding Plants at Werren, Pa. 
Bending Machines . .. Press Brakes. . . Punch- and Titusville, Pa. 
ng and Notching Mochines . . . Forming Dies 
Offices in Principal Cities 


When youte lighting the weather as w 


/ 


Workmen applying 
Thermobestos insulation | 
to an expansion loop 

in a process line. 


Specify 


J-M THERMOBESTOS*’ the heat insulation 
designed for outdoor process industries 


Here's proof that rugged physical 
strength and high insulating efficiency 
can be combined in one material. J-M 
Thermobestos is strong and rigid, yet 
light enough for easy handling and fast 
application, It is not damaged by pro- 
longed wetting. Its hard composition 
resists crushing and will withstand un- 
usual service abuse. The low conductiv- 
ity compares favorably with other 
accepted industrial insulations. 


Johns- 
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Manville 


— 


4 


Joss’ 


This unique combination of properties 
means excellent temperature control 
and minimum maintenance cost for 
oil refineries, chemical processing 
plants and other plants with outdoor 
vessels and hot piping. 

Made from calcium hydrosilicate, 
Thermobestos is molded to size for 
proper fit. Its high strength makes it 
particularly adaptable for time-saving 
shop prefabrication of fittings and 


bends. Furnished in large sections, 
Thermobestos is easy to apply. It re- 
duces the number of joints. In pipe in- 
sulation form, it comes in a complete 
selection of sizes up to 24” x 3” half- 
sections. Also available in 6” x 36” and 
12” x 36” blocks in a full range of 
thicknesses. For further information 
write to Johns-Manville, Box 60, 
New York 16, N.Y. In Canada, Port 
Credit, Ontario. 


INSULATION 


MATERIALS “ENGINEERING - APPLICATION 
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MINING 
(uranium oxide content 
of ore: 0.1% to 0.5%) 


4a 


URANIUM OXIDE 
(78 to 90% pure, ready 
for process plants) 


One reason uranium is costly is because 
it's spread so thin. Even a ton of good 
ore contains only 10 lb. of uranium 
oxide. And when that ton of ore is dis- 
solved, its 10 lb. of uranium is hidden 
in 5 tons of leach solution! 


© Solutions that dilute would be al- 
most too expensive to handle if it 
weren't for the ability of ion exchange 
to pick out “the needle in the haystack.” 
Take the above example... ion 
exchange-precipitation takes the 10 lb. 
of uranium out of the 10,000 lb. of 
leach solution in one simple step... then 
delivers it in as little as 12 lb. of con- 
centrate! It also discards other elements 
that generally stick close to uranium 
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.. eliminating special up-grading steps. 
The results: more uranium per ton of 
ore and at a lower cost than by former 
methods... and higher grade uranium 
that cuts subsequent refining costs. 

© That's why Permutit ion exchange is 
at work at African, Canadian and VU. S, 
uranium mines. 

¢ This compact process also concen- 
trates metals from industrial wastes, 
For example, it recovers valuabie chro- 
mium from exhausted plating baths 
and rinse waters and, at the same time, 
eliminates a tough and costly waste dis- 
posal problem. It recovers copper and 
zine from rayon wastes. It also removes 
unwanted minerals and other impuri- 
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PRECIPITATING 
(the concentrate 


seporates 


© The Co. 


lon Exchange Cuts Uranium Costs 


ties from process and boiler feed water, 
chemicals, sugar solutions and hun- 
dreds of other products. 

© We'll be glad to look into ways it 
might apply to your process, Write to 
The Permutit Company, Dept. CEI’-4 
330 W, 42nd St., New York 36, N. Y. 


JON EXCHANGE for Water Conditioning 
Chemical Processing + industrial Waste Treatment 
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PROCESSES: 
f How Uranium is Extracted From Ore | 3 
| 
CRUSHING AND GRINDING pi LEACHING 
(filtering) / 
‘ CONCENTRATING / / 
\ by lon Exchange ijt) 


entrifugal 
Pump Packing 
for all process needs 


CHEMISEAL. .. for 
All-Chemical Service 


pe two types—pure 
No. 711-0, 
pach TEFLON with Grophice, 
No, 711-G. 
Handle ah types ot cattosives 
including hazardous- chemi- 
cals, Also ideal for non-con- 
taminating service in the 
manufacture of pharmaceu- 
Catalog 1255 on 


Pump Packings 


*du Pont Trademark 


"Centrifugal" 


for General Service 
Belmont “Centrifugal” Type 
754-P, is @ “custom-mode” 
packing for centrifugal and — 
rotary pumps thot protects 
pump shofts against scor- 
ing, wear. 
Lubrication that is impreg- 
nated into every strand of — 
asbestos yarn, ond graphit- 
Write for Belmont Catalog ing that is braided into the 


on thie and athes structure for life—allows 
mode for the Service” shaft free motion. Keeps — 


bes 


United States Gasket Company 
Camden |, New Jersey 


The Belmont Packing & Rubber Co. 
Butler & Sepviva Sts., Phila. 37, Pa. 


U.S. GASKET - BELMONT PACKING 
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Letters to the Editor 


(Continued from page 12) 


| California Snapshots 


Enclosed are some prints and films of 
snapshots that I took during the sym- 
posium “A.B.C.’s of Machine Computa- 
tion” and the trip No. 2 to U.C.L.A. 

Each of the prints is numbered on 
the back and the accompanying list 
describes the subject of the photograph. 

E. R. McCartney 
Los Angeles, California 


Member McCartney's gesture in 
providing C.E.P. with pictures of the 
Los Angeles meeting is very much ap- 
preciated. Readers will see samples of 


| his work on page 84 of this issue 


Editor 


More on Orientation Films 


| f Last month C.E.P. ran a letter from 


C. E. Dryden which carried a comment 
by F. J. Van Antwerpen, Secretary, 
A.1.Ch.E., on the possibility of chemi- 
cal engineering educational films for 
freshmen engineers. Herewith is fur- 
ther comment by Robert York, chair- 
man, Public Relations Committee. 
Editor 


The A.L.Ch.E. has been cautious to 
follow a policy of giving advice and 
counsel for vocational guidance and 
definitely avoiding any attempts to sell 
or proselyte high school seniors and col- 
lege freshmen towards a career in 
chemical engineering. Its policy is essen- 
tially one to work jointly with all engi- 
neering groups and let the student 
decide on his own career. 

The A.L.Ch.E. has planned for sev- 
eral years to depict the activities in 
which chemical engineers earn their 
livelihood and serve the public. The 
Public Relations Committee has had this 
as an active project for over five years. 
Unfortunately, the costs are estimated 
between 8 and 50 thousand dollars and 
are prohibitive at present and perhaps 
for the next couple of years. Other 
national committees such as the Educa- 
tional Projects Committee and the Vo- 
cational Guidance Committee are laying 
plans for making a film or at least for 
incorporating their points of view in an 
over-all Public Relations film. 

Dr. Dryden offers the suggestion that 
the management of chemical and petro- 
leum companies contribute toward the 
preparation of a career-type movie. 
Some companies have made films for 
their own use; others prefer to contri- 
bute jointly through the Manufacturing 
Chemists’ Association. 

(Continued on page 22) 
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Ask your U. S. Gasket- Belmont Distributor or write for literature. 
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Why gamble your profits? 


Valves are a major investment. Why gamble your 
profits on risky valves when you can buy the best at 
a price that is often lower than ordinary valves? 
Your valve investments are secure when you specily 
Rockwell-Nordstrom valves because pressurized 
lubrication assures economy and dependability in 
these three important ways: 


1. Leakproof Sealing ... climinates uncer- 
tain, “forced” metal-to-metal seating 


lubricant stops trouble be- 


2. Longer Life... 


slashes repair, maintenance and 


down time costs 


Instant Operation... lubricant “cushions” 
plug for smooth, quarter-turn operation 


Forty years of lubricated plug valve leadership by 


the original and 


Rockwell Manufacturing Company, Pi 


ROCKWELL-Nordstrom VALVES 


Lubricant Sealed for Positive Shut-off 
40" Year 


- 
a ; 
2 
4 
= 
f | 
1's largest manufacturer is your 
assurance of economy and trouble-free dependa- 
bility when you specify Rock ll-Nordstron 
Pa. 


- 
| 
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How to 
handle 
tough 
services 


Many services (like high-velocity 
gas service) eat the heart right out of 
ordinary valves. Metal-to-metal seat- 
ing soon becomes pitted or scored and 
the valve won't hold. The result 
expensive reseating, down time and 
snarled production schedules. 

In Rockwell-Nordstrom valves a 
thin, tough film of pressurized lubri- 
cant between the plug and the valve 
body forms a continuous and depend- 
able seal at any pressure on any service 
The lubricant also protects against 
corrosive-erosive material and elimi- 
nates metal-to-metal friction for longer 
service life at lowest cost. 

Rockwell-Nordstrom, the original 
and most complete line of lubricated 
plug valves are available in steel, semi- 
steel, stainless steel and special alloys 
for a complete range of pressures and 
temperatures. For more information, 
write: Rockwell Manufacturing Com- 
pany, Pittsburgh 8, Pennsylvania. 

Available at leading suppliers 


everywhere. 


ROCKWELL- 
Nordstrom 
VALVES 


Lubricant Sealed for 
Positive Shut-off 


40" Year 


of lubricated plug valve leadership 


(4 { { 4 
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Another new era of 
improved products aided by 


blades. PROCESSING APPARATUS 


Vinyl foam, now out of the pilot plant and into 
mass production, is bringing important advantages 
to many products. Here is another great achieve- 
ment of American industry in which engineers of 
Girdler's Votator and Thermex Divisions have 
made vital contributions 

The flow chart shows the basic elements of a 
system for the continuous production ot polyvinyl! 
chloride foam sheeting. This versatile system, in 
which the Elastomer Process’ is widely and advan- 
tageously employed, makes possible the use of 
many resins and plasticizers for the manufacture 
of open-cell flexible vinyl foam in a broad range 


tLicensed by Elastomer Chemical Corporation 


Vinyl foam wed 


this ante arm rest 


of resiliences. It is used for 
both flat stock and molded articles 

In this system, VOTATOR® Processing Apparatus 
mixes and cools the vinyl on a continuous basis and 
delivers it at the right temperature and consistency, 
ready for spraying or molding 

Many processing functions are performed with 
VoTATOR Heat Transfer and Mixing Apparatus 
Find out how it can help you in the development 
of neu products and in the improvement ot exist 
ing products, Call our nearest office or write for 
a copy ot the Votator Data Book 


*VoTaAToR Trade Mark Reg S Par OF 


GIRDLER 


A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
LOUISVILLE 1, KENTUCKY 


VOTATOR DIVISION: New York, Atiente. Chicege, Sen Francisco 
GAS PROCESSES DIVISION: New York, Son Francisco. IN CANADA: Girdler Corporation of Conade Limited, Terente 
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q 
T H N E Ww | Dr. Dryden's suggestion is appro- 
| (priate for good public relations. We 


hope to resolve some of our problems 
and proceed with our plans for a movie 


C 0 N T os 0 L ¥ A LV E WwW ] T H film as a project of the Public Relations 


Committee. 
Robert Y ork 


FSOF ORE. A C T U A T 0 R Public Relations Comma 
' St. Louis, Missouri 


A Costly Explanation 


In the January issue of Chemical 
Engineering Progress there was under 
the Industrial News section a note on 
“Liquid Metal Reactor, A Commercial 
Possibility,” pages 34 and 38. In this 
note it was stated that the cost of elec- 
trical energy from this reactor would 
the | be 0.071 cents/KWh, and for four such 

reactors the cost would come down to 
struction gives you longer travel than 0,065 cents/KWh. 
other diaphragm actuated types — These cost prices of electrical energy 
2 . are so low that one suspects a typo- 
allowing for increase in length of main graphical error. If this is the case, I 
valve for more sensitive throttling action. should like very much to know the cor- 
rect costs. 


Hallvard Nilsen 


Sarpsborg, Norway 


da slip of a decimal point can surely 


: create cheap power. It should, of 
course, have read 0.71 and 0.65, re- 
spectively. 
Editor 


Noted and 


Quoted 
These new control valves ore eveilable in 


the Entire Job 

We learn . . . that the cosy generaliza- 
tions we made about the backwardness 
of Russian education were part of the 
same wool of self-deception. As the 
Iron Curtain goes up one of the first 
things we see is that the Soviet Union 
has virtually been turned into an edu- 
cational forcing-house for the produc- 
tion of physicists and engineers. The 
U. S. Atomic Energy Commission has 

pre tone before it a report showing that we are 
SER) being badly outstripped in the training 
AUT OMALic of scientific personnel. 

»Veaungs The multiple threat before the Ameri- 


; can people cannot be adequately met on 
AUTOMATIC VALVES ve % the purely competitive level. It is not 
+ CONTROL VALVES (Continued on page 28) 
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Like to join this session on atomic-powered ships? 


many of the important things being done at Bettis 
are being done for the first time. 

Activity at Bettis Plant is expanding because 
more power reactors are being built here than at 
any other place. 


This is a working session of some of the country’s 
best scientific and engineering minds. Their assign- 
ment: develop, design and construct atomic power 
plants for a fleet of ships. Where are they? At 
Bettis Plant, Pittsburgh, operated by Westinghouse 
for the AEC. This is the largest design and engineer- 
ing center for atomic power plants in the country. 
Here the power plants for an atomic fleet are 
actually being designed and built. 

You can join them if you are a competent chemist, 
chemical engineer or mechanical engineer. The work 
is fascinating anything but routine — because so 


Atomic experience is not required. Write for a 
descriptive brochure describing opportunities in 
your fleld. Be sure to indicate your specific interests. 
Mr. A. M. Johnston, Westinghouse Bettis Plant, 
P. O. Box 1468, Dept. A-17, Pittsburgh 30, Pa. 


Westinghouse 


BETTIS PLANT 


First in atomic power 
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The 
Cenco- 


Meinzer 
industrial 
Sieve 
Shaker 


Finished in light gray hammertone 
. » equipped with 1/15 hp motor 
«+ 115 volt, 50/60 cycles, AC or DC. 

Price, without sieves $173.00 


*ee 
The most complete line of 
scientific instruments and lab- 
oratory supplies in the world 


* for mechanical analysis of industrial materials . . . for 
sieving heavy mineral powders, light organic samples, 
fine pharmaceutical powders. 


* holds six standard 8-inch or 5-inch sieves. 


* will separate a mixture, by particle size, into six com- 
ponents in one operation. 


* provides quick, accurate separation without caking or 
plugging sieves. 


* speed controlled by rheostat. 


CENTRAL SCIENTIFIC COMPANY 


1720 IRVING PARK ROAD « CHICAGO 13, ILLINOIS 


BRANCHES AND OFFICES—CHICAGO © NEWARK + BOSTON «+ BIRMINGHAM «¢ DETROIT « SAN 
FRANCISCO © SANTA CLARA « LOS ANGELES © REFINERY SUPPLY COMPANY—TULSA « HOUSTON 
CENTRAL SCIENTIFIC CO, OF CANADA, LTD.—TORONTO « MONTREAL « VANCOUVER « OTTAWA 
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DESIGNING 
ENGINEERS 
AND 
CONSTRUCTORS 


FOR THE 
PETROLEUM 
AND CHEMICAL 
INDUSTRIES 


385 MADISON AVENUE, NEW YORK 17, NEW YORK 


Lummus-Built Plant 


Double Phthalic Capacity 
For Pittsburgh Coke Chemical 


Paint and Plastics 
Producers to Benefit 
From Expansion 


To double the phthalic anhydride 
capacity of Pittsburgh Coke and 
Chemical Company’s Coal Chemi- 
cals Division, The Lummus Com- 
pany is engineering and construct- 
ing a $3,000,000 plant on Neville 
Island in the Ohio River below 
Pittsburgh. The new plant, to be 
completed by Fall 1956, is a fur- 
ther step in Pittsburgh Coke's 
chemical expansion. 

This second installation is being 
built because plasticizer and alkyd 
resin manufacturers need more 
phthalic. Since 1949, vinyl plastics 
consumption has risen 100%; 
alkyd resin paints 50% ; polyester 
plastics 400%. Phthalic, as a basic 
raw material for these industries, 
is in ever-increasing demand. 
Increased phthalic consumption by 
Pittsburgh Coke and Chemicals 
own Plasticizer Division has also 
been a major factor in the com- 
pany’s planning. 

As a result of its long chemical 
experience, Lummus is well 
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Artist's conception of expanded facilities. 


equipped to carry out this project 
for the manufacture of phthalic. 
The new facilities will incorporate 
many improvements in production 
eficiency and product purity. 

Other current chemical projects 
at Lummus include ammonia and 
ammonia products installations, 
a vinyl acetate unit and acetylene 
derivatives facilities. And our 
books show hundreds of completed 
plants for a wide range of 
products from ethylene through 
butadiene. 
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When you plan your next plant, 
call on Lummus—designing engi- 
neers and constructors for the 
petroleum and chemical industries. 

The Lummus Company, 385 
Madison Avenue, New York 17, 
N.Y. Engineering and Sales 
Offices: New York, Houston, 
Montreal, Paris, The 
Hague, Bombay. Sales Offices: 
Chicago, Caracas. Heat Exchanger 
Plant: Honesdale, Pennsylvania. 
Fabricated Piping Plant: East 
Chicago, Indiana. 


London, 
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THE PROBLEM: 
PUMPING SULPHURIC ACID 


THE SOLUTION: 
VANTON PLASTIC PUMP 


No stuffing box! 
No gasket! 
No shaft seals! 4 


A leading producer of welding gas had the 
problem of concentrated sulphuric 
acid (93%,) from to tanks. The 

mp had to operat 0 hours daily and | 
Beliver 10 gpm against a 15 ft. head. ‘The 
answer was foun in a Vanton “‘flex-i-liner”’ 

mp, model PX60, with its polyethylene body 
Block and hypalon flexible liner. 

If you're troubled with pumping corrosive 
or abrasive liquids and slurries, get the facts 
on the Vanton “‘flex-i-liner.”’ 

Catalog 56-S on request. 


VANTON 


PUMP 4&4 EQUIPMENT CORP. 
201i Sweetiand Ave. Hillside, N. J. 


division of Cooper Alloy Corporation 


The Problem: 


PUMPING FERRIC CHLORIDE 


The Solution: 


VANTON PLASTIC PUMP 


No stuffing box! 
No gasket! 
No shaft seals! 


A major manufacturer of electronic equipment 
faced the problem of transferring corrosive 
ferric chloride in the new Printed Circuit 
department to and from the etching machine, 
located 40 ft. from the pump unit. It was 
solved by using a Vanton pump, Model NX-90 
(15 GPM) with Buna IN hod body block and 
Natural Rubber ‘“‘flex-i-liner’’. Since the 
Vanton operates equally well in either direc- 
tion, a reversing switch on the motor made 
possible ready changes in the direction of flow. 


When the problem involves corrosive or ab- 
rasive solutions or slurries, the sealess, self 
priming, no stuffing box Vanton is the answer. 


Catalog 56-¥ on request. 


VANTON 


PUMP 4&4 EQUIPMENT CORP. 
20! Sweetiand Ave. Hillside, N. J. 


division of Cooper Alloy Corporation 
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The Problem: 


PUMPING HYDROCHLORIC ACID 


The Solution : 


VANTON PLASTIC PUMP 


No stuffing box! 


No gasket! 
No shaft seals! 


A large producer of industrial chemicals, seek - 
ing a portable carboy transfer unit for pump- 
ing concentrated HCL, solved his problem 
with a self priming Vanton ‘“‘flex-i-liner”’ 
pump, Model XB- (5 GPM). The poly- 
ethy ne body block and Hypalon “‘flex-i-liner” 
are the only materials in contact with the 
fluid, and the design eliminates stuffing boxes 
and shaft seals. Pump and base are mounted 
on casters for portability. Maintenance has 
been reduced to annual replacement of the 
inexpensive “‘flex-i-liner’’. 
For pumping corrosive fluids, abrasive slur- 
ries, and fluids which require no contamina- 
tion, Vanton is a natural. 

Catalog %6-H on request. 


VAN TON 


PUMP 4 EQUIPMENT CORP. 
20! Sweetiand Ave. Hillside, N. J. 


division of Cooper Alloy Corporation 


The Problem : 


PUMPING ABRASIVE SLURRIES 


The Solution: 


VANTON PLASTIC PUMP 


No stuffing box! 


No gasket! 
No shaft seals! 


A foremost manufacturer of ceramic wall tiles 
had the problem of transferring extremely ab- 
rasive ceramic tile glaze from drums, where 
the glaze was mixed, to storage tanks. bow 
heavy and extremely abrasive slurr 
quickly destroyed mechanical seals 
ing in pumps and rapidly wore rotat- 
parts. A Vanton Pump Model NX-120 
r GPM) with Buna N body block and 
Natural Rubber ‘‘Flex-i-liner’’ readily solved 
this problem reducing maintenance costs to a 
minimum. 
Whether the problem be one of handling 
abrasive slurries, corrosive solutions, or fluids 
which must be maintained contamination 
free, pevestigute the use of the Vanton “Flex-i- 


Catalog 56-A on request. 


VANTON 


PUMP 4&4 EQUIPMENT CORP. 
201 Sweetiand Ave. Hillside, N. J. 


division of Cooper Alloy Corporation 
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Moly catalysts are versatile 


Because of its versatility, molybdenum is one of the most widely 
used catalytic elements, As a transition element, it has 

the incomplete inner shell of electrons needed for catalytic activity. 
Ease of transition from one to another of its six valence states 

allows it to function readily as an electron acceptor or donor. It forms 
a variety of compounds in all valence states, most of them 

resistant to common catalytic poisons. Commercially, 

molybdenum catalysts are used in seven types of reactions: 
oxidation, hydrogenation, dehydrogenation, isomerization, 
cyclization, chlorination and condensation. Promising results 

have been obtained in dehydration, polymerization and alkylation. 
For complete data write Department 25, Climax Molybdenum 
Company, 500 Fifth Ave., New York 36, N. Y. for our bulletin, 
“Molybdenum Catalysts for Industrial Applications.” 


CLIMAX MOLYBDENUM 


Courtesy of Hoffritc jor Cutlery, 131 Madlson Avenue, New York 


Use the moly key 
better catalysts 
& 
4 te poisoning * Economical 
wea. 
~ 
a 
. 
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From this unique bowl 


COMPLETE DISPERSION 


... MAXIMUM HEAT TRANSFER 
in shorter mixing cycle 


STANDARD 


CORPORATION 


The unique shape of this 
mixer bowl presents a 
greater ratio of heated sur- 
face to the mix. Close clear- 
ances between the mixer 
arms and shell eliminate 
build-up of materials, facili- 
tating heat transfer. 


Overlapping sigma-arm 
mixing action exposes new 
surfaces and breaks down 
the entire mass with each 
rotation, eliminating peak 
loads and producing a 
homogenous mix in a short 
mixing cycle. 

Available in capacities up 
to 750 gallons 


BAKERY-CHEMICAL DIVISION, York, Pennsylvania 
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Noted and Quoted 


(Continued from page 22) 


enough to speed up our own ballistic 
missile program or to make bigger nu- 
clear explosions. Nor is it enough to 
say that we must devise a crash pro- 
gram for turning out scientists and en- 
gineers by the tens of thousands. The 
defense of America rests today, as it did 
all along, not on arms alone but on 
what we stand for in the world. The 
first front is the moral front. What 
other people see when they look at 
America; the kind of hope that comes 
to life at the mention of our name; 
the crisp conception of justice inside 
America and in our dealings as a nation; 
any ideas we may have about a pooling 


| of sovereignty in the creation of effec- 


tive world law—all this is what counts. 

Military preparedness without it is mo- 
tion without direction. 

Norman Cousins 

“The High Cost of Superiority” 

Saturday Review 


Phenomenal Expansion in South 


The South is ready to finance a great 
part of its own industrial expansion. .. . 
If the rate of expansion of industry 
during the past few years con- 
tinues, the area should have 30 per cent 
of the country’s manufacturing facilities 
by 1965. In order to do so, it will be 
necessary to build three plants per day 
during this period, or a total of 10,000 
plants in 10 years. Each state in the 
South, on an average, should add 700 
plants to its industrial potential by 1965. 
Frank J. Soday 

In address before annual meeting 
Alabama Bankers Association 


Project at M.I.T.Combustion Lab. 


Another investigation is attempting 
to evaluate the absolute rate of the 
chemical reaction in gaseous combus- 
tion. The rate of mixing of the vapor 
fuel and the air has been increased by 
the use of jets at sonic velocity until 
energy releases of 300,000,000 B.t.u./hr. 
cu.ft. have been obtained, indicating that 
the basic chemical reaction has a rate 
at least this large. An understanding of 
the mechanism and rate of the chemical 
reaction involved will contribute to 
evaluating the limitations on high out- 
put combustion chambers of the type 
employed in ramjets. 

Report of the Dean 
School of Engineering 
Massachusetts Institute 

of Technology 


(Marginal Notes on page 32) 
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Now you can dry gases drier than dry! 


Linpe Molecular Sieves can dry your gases—air, hydro- 
gen, chemical streams—more thoroughly than any other 
commercial adsorbent. They will duplicate laboratory 
performances—in your plant—under normal production 
conditions. 

Even though your gas stream may already be partly 
dried, Molecular Sieves will remove the last traces of 
moisture. Only a small volume of adsorbent is required. 
The same combination of high capacity and low dew- 
point is also obtained at high temperatures, up to 200 F, 

This is supeR-drying ! Dynamic performance is shown 
in the accompanying graph. This superior performance 
also can be expected at higher relative humidities and 
at other temperatures and pressures. Of particular sig- 
nificance in production is the relative insensitivity of 
Molecular Sieves to incomplete regeneration. 
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DYNAMIC PERFORMANCE 
DRYING AIR AT RH, 760mm. Hg 


DEWPOINT *F 


COMPLETE 
PE GENERATION 


re 


For further information, write for data sheets on “Drying of 


Gases.” Address Dept. CP4, Linde Air Products Company, A 


Division of Union Carbide and Carbon Corporation, 0 East 42nd 
St., New York 17, N.Y. 


The term “Linpe” ie « registered trade-mark of Union Carbide and Carbon Corp 
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Standard motor-driven Controlled Vol- 
ume Pump being tested for accuracy by 
independent research organization. For 
details of test procedures and results, 
write for Technical Paper No. 55-1-1. 


Required accuracy for 
metering process additives 


= INHERENT accuracy (within + one percent) of Milton 
Roy Controlled Volume Pumps can solve your chemical 
metering problem. As flow controllers, these units simul- 
taneously meter and pump process fluids. As ratio con- 
k ‘ trollers, they maintain a fixed relationship between addi- 
; ; tives and process streams. As final control elements they 
Exclusive Milton Roy ? contribute to accurate regulation of pH and other process 
STEP-VALVE LIQUID END 7 variables. 
; There is a Milton Roy Controlled Volume Pump or chem- 
. : ; ical feed system for practically every chemical metering 
need, Capacities range from 3 milliliters per hour to 45 
gallons per minute, with flexible adaptations for manual or 
automatic control of pump capacity. Pressures up to 
50,000 psi. 
Write for application data contained in the bulletins listed 
below. One of these will probably suggest the simple, eco- 
nomical solution to your chemical metering problem. 


Bulletin 455 “Controlled Volume Pumps in Paper Making” 
Bulletin 953 “Controlled Volume Pumps in Industrial 
Water Treating”’ 

Bulletin 1253 “Controlled Volume Pumps in Process In- 
strumentation.” 

Milton Roy Company, Manufacturing Engineers, 1300 East 
Mermaid Lane, Phila. 18, Pa. 


Double ball checks, sloping 
passages and absence of air 
pockets assure highest pos- 
sible volumetric efficiency. 
Should a solid particle lodge 
under one suction ball, for 
example, second suction ball 
will seat on discharge stroke, 
thereby preventing fluid from 
being pumped into suction 
piping. 


Engineering Representatives in the United States, Conede, Mexico, Europe, Asia, South America ond Africa. 


i Page 30 Chemical Engineering Progress April, 1956 


$ 
| 
‘ 
. 
4 
fe : 
] 7 


400 MESH OUTPUT 
UPPED MUCH 300% 


FEED SPOUT 


ENGINEERING 
AIR SEPARATORS 
TO SPECIFICATION 


. « Comes naturally to 
Sturtevant engineers. They 
have a tradition of success 
in developing dry-processing 
equipment and plants for 
more than 75 years — from 
the first rock emery mills to 
the most modern fluid jet 
micron-grinding equipment. If 
your problems include any of 
the processes listed in the 
coupon, it will pay you to 
investigate. 


TAILINGS 
DISCHARGE 


WHAT CAN A STURTEVANT AIR SEPARATOR 
DO IN YOUR PULVERIZING SYSTEM? 


In the cement industry, Sturtevant 
Air Separators have a tested record 
of increasing mill capacities from 25 
to 300% while lowering power con- 
sumption as much as 50% — when 
used in closed circuit with grinding 
mills. Maybe they can do as well 
for you. 

Easily adaptable to your materials. 
Sizes of Sturtevant Air Separators 
range from 3 to 18 feet in diameter. 
They deliver fines from 40 to 400 


mesh at rates as high as 100 tons 
per hour. 


Designed to cut costs! Sturtevant 
Air Separators are built for a lifetime 
of low-downtime service. Rugged 
construction plus easy accessibility 
for quick maintenance (typified by 
the “OPEN-DOOR” design in other 
Sturtevant equipment) assures more 
output per machine-year. Check the 
coupon for more information. 


STURTEVANT 


Dry Processing Equipment 


The “OPEN-DOOR" to lower operating costs over more yeors 
CRUSHERS + GRINDERS + MICRON GRINDERS + SEPARATORS 


BLENDERS + GRANULATORS + CONVEYORS + 
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My dry process materiais are 


STURTEVANT MILL COMPANY, 135 Clayton Street, Boston 22, Mass. 


r 


Please send me your bulletin on Air Separators () 
Also bulletins on machines for: 


C) PULVERIZING 


GRINDING 


BLENDING 


SEPARATING 


MICRON-GRINDING 


CONVEYING 


G 


GRANULATIN 


SUPERFINE SELECTING 


J 
| 
| 
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How’s this for Versatility? 


One of three parallel sets of Elliott three-stage 
ejectors which serve primary and secondary towers 
Ejectors are instalied on @ platform at an elevation 


ELLIOTT Steam Jet EJECTORS 


This installation in a large oil refinery called for three 
parallel sets of Elliott three-stage steam jet ejectors. 
Parallel ejectors permit one set to be shut down during 
reduced rates, making for greater economy in steam con- 
sumption, They operate on 100 psig steam, maintaining 
vacuum on both the main unit and the secondary tower. 
Tower pressure is controlled by recycling gases from the 
third-stage ejector discharge back ahead of the first stage 


ejector. 


Whenever vacuum is required, it pays to utilize the know- 
how of Elliott ejector specialists. Contact your Elliott rep- 
resentative or write Elliott Company, Jeannette, Pa. for 


descriptive bulletins. 


ELLIOTT Company Fc 
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Plastics Progress 1955. Edited by 
Phillip Morgan. Iliffe & Sons, 
Ltd., London and Philosophical 
Library, Inc., New York, 432 
pages (1955) $17.50. 


Reviewed by H. W. Mohrman, Direc- 
tor of Research, Monsanto Chemical 
Company, Springfield, Massachusetts. 


This is the third volume to appear 
under the title “Plastics Progress.” It 
consists of the full report of twenty 
papers presented at the British Plastics 
Exhibition and Convention in June, 
1955. It is not a complete review of 
all recent developments in plastics, but 
covers nine major areas with one or 
more papers in each of the following 
fields: Polymer Structure and Proper- 
ties—Expanded Plastics—Thermoplas- 
tics—Extrusion—W ork Study and Pro- 
ductivity—Injection Molding—Patents 
—Foundry Resins and Glass Reinforced 
Plastics. As might be expected, papers 
of this nature vary widely in quality 
and interest and, to the American 
reader, many will be of most value for 
comparison with American develop- 
ments. 

One feature of English technical 
meetings is the tendency to fewer and 
longer papers with considerable formal 
discussion from the floor. This brings 
out many of the listener’s experiences 
in the field of discussion and serves to 
provide further evaluation of the speak- 
er’s subject. Questions and answers are 
included and add valuable detail, al- 
though, in some cases, little is contrib- 
uted to the main theme of the paper 

The British plastics industry, which 
has been responsible for the discovery 
of several important new polymers, has 
lagged behind the U. S. in processing, 
fabrication, and applications. This is 
evident in the heavy reference to Ameri- 
can developments in almost every paper. 
This particularly applies to the two 
papers on “Work Study and Produc- 
tivity,” and the five papers on “Glass 
Reinforced Plastics,” in which American 
practice is recognized as the spur to 
British developments. With the excep 
tions noted below, information presented 
will not be new to those informed on 
Americaa plastics literature 

In almost every case, the papers are 
essentially up-to-date reviews of their 
subjects with original research pre- 
sented only in the sections on “Extru- 
sion” and “Injection Molding.” Engi- 
neers in these fields will find the ex- 
perimental data in these sections of 
interest. The rather long (30 pages) 
paper on “Fundamental Problem of 
Single Screw Thermoplastic Ex- 


(Continued on page 36) 
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CONTROLLED-VOLUME PUMPING with 


STUFFING BOX 


PULSAFEEDER 


CONTROLLED-VOLUME 
CHEMICAL PUMP 


The Pulsafeeder, in combining the good features of both piston and diaphragm 
pumps, provides an unusually dependable means of precision pumping. There is no 
stuffing box, hence the usual problems of maintenance and repacking associated 
with plunger-type metering pumps do not exist. The product being pumped is 
isolated from the pump's working parts by a hydraulically balanced diaphragm and 
is kept safe from contamination and leakage to atmosphere. 

Positive displacement is achieved by a piston reciprocating 
within an accurately sized cylinder at an established stroke 
length, displacing an exact volume of hydraulic oil. By means 
of this oil, the piston moves the diaphragm alternately 
backward and forward. The displacement of this diaphragm 
travel takes in the liquid on the suction stroke of the piston 
and discharges a like amount of liquid on the discharge 


stroke of the piston. 


WRITE FOR BULLETIN 440 with typical applications, flow charts, 
description and specifications of models of various capacities and 
constructions. Inquiry Data Sheet included from which we can 
make specific engineering recommendation for your processing 
requirement. Write Lapp Insulator Co., Inc., Process 
Equipment Division, 505 Wilion Street, Le Roy, N.Y. 
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On the USS Forrestal 


{ 4 

* 

ve 


Built by the Newport News Shipbuilding and Drydock. 


On the USS Nautilus and Seawolf 


Built by the Electric Boat Division of General Dynamics Corp. 


Unibestos insulates vital pipe systems 


Guardians of today's security and tomorrow's In fact, Unibestos is fast becoming the preferred 
futcure—these are the ships of electronic devices insulation for an increasing number and variety 
and nuclear power...the products of advanced of applications. Whether it’s a ship, a refinery or 
engineering and modern materials. a power plant, single-layer Unibestos combines 

Aboard these ships, where dependability is a high thermal efficiency with superior strength 
must, Unibestos pipe insulation protects intricate and unmatched ease of installation. 

: and vital pipeline systems against crucial heat Unibestos® pipe insulation is available in sec- 
u loss. Unibestos makes a clean sweep in its con- tional form through 44” O.D. For further infor- 
a tribution to this important Navy development mation without obligation, write for the free 
program. descriptive bulletin 109C. 


UNION ASBESTOS &2 RUBBER COMPANY 
1111 West Perry Street + Bioomington, iilinois 
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Above: Conkey Rotary Leaf Pressure Filters 
separating coal resins and solvents. 


PROFIT 


Operators of crystallizers, evaporators 
and filters know that the right processing 
equipment can make or break a profit margin. 
Conkey crystallization, evaporation and filtration 
equipment have operating profit “built in” 

... an integration of design, engineering 


and fabrication. 


Conkey designed and engineered equipment 
is fabricated by Chicago Bridge & Iron Company. 
Four plants, completely equipped to meet 

the most exacting specifications, are strategically 
located throughout the country. So when your 
problems involve crystallizers, evaporators 

or filters, write our nearest office. There's 

a Conkey engineer ready to help. 


Above: Conkey Horizontal Tube 
Forced Circulation Evaporator. 


[IDGE IRON COMPANY 


AM, CHICAGO, SALT LAKE CITY ond GREENVILLE, PA. 


Atlanta Birmingham Boston * Chicago * Cleveland Detroit Houston 
los Angeles * NewYork ¢ Philadelphia Pittsburgh Salil Lake City 
Sen Francisco * Seattle + Tulse 
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MEANS MORE TO THE 
PLANTS INSTALLING 
INGERSOLL-RAND 


It's a fact that the efficient I-R construction often 
enables you to use a smaller Motorpump to do the 
a work usually demanded of pumps of greater horse- 
power! 

So, I-R Motorpumps reduce your costs in several 
| ways. First of all, in original cost. Save weight and 
: ' space, too. Deliver more gallons-per-minute per 
ee horsepower used ... and cut maintenance costs as 
well, because Motorpumps are built for longer, 
trouble-free service! 


If you're not familiar with the famous I-R Motor- 
| pump line you'll do well to get full details right 
away. 


The latest catalog gives complete 
data needed to choose a Motor- 


pump... from to 75 hp, capaci- 
i ties 5 to 2800 gpm, heads to 650 ft. 
; Write to: 


Ingersoll-Rand 


11 Broadway, New York 4, N. Y. 
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truders” analyzes possible behavior 
of extruders at speeds of 100 to 
200 rev./min. and the possibility 
of adiabatic operating conditions with 
experimental data based principally on 
polyethylene. A_ spiral-designed test 
mold for evaluation of thermoplastics 
is described in the section on “Injection 
Molding.” Data on commercial mate- 
rials are given and good correlation of 
test results with commercial moldability 
is claimed. 

Of unusual and specialized interest is 
the report on “Patents and the Plastics 
Industry.” The history of British patent 
practice, upon which our own is based, 
is covered, as well as a complete de- 
scription of current policies. Anyone 
interested in an explanation of British 
patent practices and a comparison with 
U. S. practice, will find this paper worth 
while. 


Hydrogen Peroxide, 2 ed. W. C. 
Schumb, C. N. Satterfield, R. L. 
Wentworth. Reinhold Publish- 
ing Corporation, New York 
(1955), 750 pages, $16.50. 


Reviewed by Ernest J. Henley, Assist- 
ant Professor, Chemical Engineering, 


| Columbia University, New York. 


This work “provides a_ thorough 
treatment of a selected area,” and by 
focusing attention on this important... 
chemical, it should “stimulate further 
work in the field.” The book is sur- 
prisingly readable and the topics are so 
well developed and integrated that, in 
the limit, the book could be used as a 
textbook of inorganic chemistry. In this 
respect the sections on structure and 
chemical properties are outstanding. 

The authors have shown tasteful re 
straint in not attempting to cover ma- 
terial beyond the scope of the book. Or 
ganic peroxides, and the organic and 
biological chemistry of hydrogen perox- 
ide are briefly introduced. The notation 


| and nomenclature are unusually clear, 


and the single listing of letter symbols 
saves much valuable space. 

Much previously unpublished data, 
largely in areas of interest chiefly to the 
military or to manufacturers, are in- 
cluded. 

This latest monograph of A.C.S., the 
objective of which is quoted above, was 
born of a Navy-sponsored study at 


M.LT. 


BOOKS RECEIVED 


Hydraulic & Pneumatic Operation of 
Machines. H. C. Town. Philosophi- 
cal Library, New York (1956), 192 
pages, $7.50. 
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Outdoor Installation 

at El Segundo Refinery 

also includes the 

world’s largest 

centrifugal gas 

compressor im 

catalytic service 

both by 
Ingersoll-Rand 


Standard Oil. Company. of California installs 


COMPRESSORS * AIR TOOLS * ROCK DRILLS * 
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» x INSTALLATION at Standard Oil Company of Califor- 
nia’s huge E] Segundo refinery is unique in three respects. 

The 122,700 cfm I-R Turbo-Blower shown in the back- 
ground is one of the largest ever supplied for refinery serv- 
ice. It is a 3-stage unit, driven by an I-R 10,000 hp steam 
turbine, delivering air at 19.35 psig to the 55,000 barrel per 


day cat cracker. 

In the foreground is the largest centrifugal refinery gas 
compressor in the world — a 6370 hp I-R unit consisting of 
two centrifugals in tandem, driven by an I-R turbine. Com- 
pressing gas from 4 psig to 205 psig, it delivers 20,800 cubic 
feet per minute. 

The entire installation is out of doors. 

Whatever your requirements for refinery air or gas com- 
pression, Ingersoll-Rand's unequalled experience and facili- 
ties are at your service. 


Ingersoll-Rand 


BROADWAY, NEW YORK 4. N.Y 


12-191 


TURBO-BLOWERS * CONDENSERS * CENTRIFUGAL PUMPS * DIESEL AND GAS ENGINES 
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voids in your plant picture 


Fill them with 
BMC Process Equipment 


New installation? . . plant expansion? . . modernization? 

Whatever the reason you require process equipment — from 
a single boiling cap to a huge tower — BMC can supply it on 
time, on quotation, on specification. 

Shop facilities and technical skill are available for building 
and testing the equipment you need . . . from whatever metal is 
required . . . in virtually any size . .. to any degree of complexity. 

BMC experience costs no more. And you have the added as- 
surance that your equipment is fabricated to the highest tech- 
nological standards. What better reasons for inviting BMC to 
bid on your next project? 

New catalog available. Write for copy today. 


Badger Manutacturing Company 


230 Bent Street, 41, Mass. 
60 East 42nd Street, New Y 17, New York 


(Left) 90-foot stainiess steel! 
distillation tower. This stain- 
less tower, with 144 trays, 
was designed and engineered 
by BMC for a critical frac- 
tional distillation step. Com- 
bined engineering experience 
and expert fabricating paid 
off for this customer — as it 
can for you. 


A 2000-square foot vapor con- 
denser for aicohol purifica- 
tion. Engineered and fabri- 
cated to close tolerances — 
typical of the type of job 
BMC has a reputation for 
doing right! 


BMC has long been closely 
identified with fractionating 
tray design, development and 
manufacturing, Single unit or 


ENGINEERS + CONTRACTORS + DESIGNERS + MANUFACTURERS 
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problems where they'll get 
caper solution. 


© to provide bulk 
@ to prevent caking 
to control viscosity 
extend pigments 


New Johns-Manville mineral filler can help 
you improve products and cut costs 


Want to absorb liquids or control viscosity? Try 
Micro-Cel—it absorbs up to 6 times its weight in water, 
remains a free-flowing powder even after absorbing 
twice its weight in liquids. 
Want to bulk up your compound for better control of 
package density? Try Micro-Cel—a cubic foot weighs 
as little as 5 pounds. 
Want to prevent caking? Try Micro-Cel—its high 
absorption works wonders in controlling deliquescent 
products. 
Want to extend pigments or reduce surface sheen? 
Try Micro-Cel—it combines fine particle size, large sur- 
face area and inertness with high absorption suggesting 
many applications. 
Want to assure better suspension of heavy solids? Try a ; 
Micro-Cel—its particle size, as low as .02 micron, pro- 
vides uniform dispersion and blending. 
Micro-Cel is a brand-new line of synthetic calcium 
silicates produced by combining lime with diatomaceous The om That Flows Like a et Micro-Cel, 
silica under carefully controlled conditions. Its unique latest development of Johns-Manville Research, will 
combination of properties has already brought impor- greatly improve the flowability of many products. 
tant benefits and savings to many processors. 
Maybe you will be next. Just mail coupon 
for further information, samples and techni- 
cal assistance. 


Johne-Manville, Box 60, New York 16, N. Y. 
: In Canada: Port Credit, Ontario 


Please send ©) additional data \) samples of Micro-Cel 
I am interested in formulating the following products: 


7° Please have local representative contact me 


i Company 
SYNTHETIC CALCIUM SILICATES : Address __ 
A PRODUCT OF THE CELITE DIVISION Clty 
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Ah THE WORLD'S ALTITUDE RECORD of 250 miles was established 
WE} (‘A by the WAC-Corporal, used as a second-stage missile fired in flight from 
the nose of a V-2 Rocket at White Sands in February 1949. 


Ath JeV/e MNCf The “Wac” was one of a series of test rockets used by JPL in the devel- 
@ ts opment of the Corporal, an operational guided missile. 


at SOL The technology of this two-stage rocket flight has become the founda- 
tion on which to build a globe-girdling satellite. 


Leadership in Chemical Research 


The success of these rockets has its roots in basic research in propel- 
lants and in the imaginative engineering design of rocket motors. Research 
on propellants at JPL has run the gamut of oxidizers such as nitric acid, 
JPL JOB OPPORTUNITIES ARE $e resale and the pioneer studies of liquid fluorine, Current 

WAITING FOR YOU TODAY interest in many unusual fuels, hydrazine for example, stems directly from 
in these fields JPL work of ten years ago. 
CHEMISTRY The Laboratory's work in propellants is of basic scientific interest and 
. is published in professional journals. Precise redeterminaticn of the heat 
NUCLEAR PHYSICS of dissociation of fluorine, studies of the thermodynamics of the nitric acid 
METALLURGY family and basic research in combustion are all examples of our many 
continuing interests. 


LID STATE PHY 
SOLID $ re sits This work in liquid propellants is paralleled by comparable efforts 
CHEMICAL ENGINEERING related to solid propellants, materials and metallurgy. 
HEAT TRANSFER On the engineering side, studies to improve the design of rocket 
COMBUSTION motors able to handle unusual combustion and heat transfer requirements 
, and the design of auxiliary chemical power units are in progress. 
MECHANICAL ENGINEERING These important experiences provide a natural and firm foundation 


NUCLEAR ENGINEERING for our current interest in nuclear propulsion. 

We need qualified new people for such activities. If you enjoy the 
challenging atmosphere of new research, write us today. Please outline 
your technical interests, qualifications and experience. 


CALTECH JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 
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(Advertisement) 
Clarity Measurements in Filtration 
by Paul W. Leppla, Technical Director 
Filtration efficiency is usually measured 
in terms of flowrate and clarity. Flow- 
rate is readily measured in most plants; 
however, clarity measurements involve 
the most difficult aspects of filtration 
technology. Consequently most indus- 
tries rely upon visual evaluation of 
filtrate clarity, which is only semi- 
quantitative at best and occasionally is 
purely subjective. 

Critical evaluation of filtrate clarity 
requires instrumental measurement. A 
number of satisfactory instruments of 
U.S. manufacture are available. Some 
measure transmitted light, a question- 
able technique since few of these instru- 
ments discriminate between bleaching 
of soluble color and the removal of sus- 
pended particulates. The measurement 
of Tyndall or scattered light is much 
preferred. 

Too, the problem of absolute stand- 
ards is not yet resolved, resulting in 
confusion on clarity measurements 
from one laboratory to another. One 
instrument company has available a 
series of calibrated standards, which are 
claimed to be stable, and at least one 
technical society is working on the 
development of absolute reference 
standards so that identical measure- 
ments will be possible in different 
laboratories. 

Under these circumstances, evaluat- 
ing a series of diatomite filteraids is 
extremely difficult, While Filteraid A 
may have 90% of the clarification effi- 
ciency of Filteraid B in a raw sugar 
solution, the relative rating in a pectin 
system may be only 60°. Moreover, 
the relative clarification of two filter- 
aids with respect to the same liquid 
may change markedly depending upon 
the conditions of the test. 

Because of the many variables 
involved which can influence results to 
an enormous degree, it is imperative 
that comparative tests duplicate, as 
nearly as possible, actual plant condi- 
tions. Since often this is difficult, many 
plants rely on the wealth of experience 
available to them from a leading sup- 
plier in this extremely complex field, 
experience covering many types of 
liquors, filters and operating conditions. 

The chart in the accompanying 
advertisement illustrates a significant 
step forward in this difficult field 
recently achieved in the Dicalite labo- 
ratory. While it is possible to calculate 
the average pore size of a filter cake, 
our scientists have known for some 
time that particles much smaller than 
the calculated pore diameter are readily 
retained by diatomite filteraids. By 
carefully preparing suspensions of uni- 
formly sized particles in the 1-10 mic 
ron range, and conducting laboratory 
filtration tests under carefully con- 
trolled conditions, they were able to 
determine exactly what size particles 
can be removed by each of the grades 
of Dicalite filteraids. 

We believe thar this type of infor- 
mation, never before published, is 
important to you, as a user of filreraids. 
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With 


‘DICALITE 
 ‘Filteraid 


you 
can filter 

out particies so 
small you can’t 


see them with 


PARTICLE SIZE IN MICRONS 
Filteraid 11 10 09 O08 07 O06 OS O04 03 O02 
SUPERAID A 
SPEEDFLOW 
SPEEDPLUS 
SPEEDEX 4 
m 
i 


*0.2 MICRON — Theoretical limit of resolution of optical 
microscope. Few microscopes achieve it 
80.0 MICRONS — Smallest particle size visible to the unaided 
eye at 10” distance. 


These figures, established in recent Dicalite laboratory tests, are, we 
believe, the first accurate figures ever published on the actual sizes of 
solids removed by different grades of diatomaceous filteraids. And the 
dependable uniformity of Dicalite filteraids, in all grades, assures you 
the same reliable performance, filter run after filter run, on all types of 
particulates, even gelatinous or slimy. The significance of these figures in 
pointing the way to the development of maximum filteraid performance 
can hardly be over-stated. They are one more evidence of Dicalite’s 
leadership in the field of filteraids 

For more complete information on the application of Dicalite Filter- 
aids to your processing problem, write 
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DICALITE DIVISION * GREAT LAKES CARBON CORPORATION 
612 SOUTH FLOWER STREET, LOS ANGELES 17, CALIFORNIA 
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HORIZONTAL PROCESSING 


may be the 
solution for your problem 


i HORIZONTAL UNITS DESIGNED ond 
BRICATED TO SOLVE SPECIFIC PROBLEMS 


"BETHLEHEM HORIZONTAL UNITS 
OFFER SOLUTIONS TO THESE PROBLEMS 


Batch blending and heat ¢ 
ran 
Stainless steal, stud-bolted steal 
paddles. 


Unit to evaporate organic 
jacketed unit die ‘a solvents from sludge. Fabricated steel 


X10’ long with counterflow, spsral ribbon segments 


FOR DIFFICULT OPERATIONS SUCH AS: 


e Evaporation of Water and Solvents 
from Slurries, Sludges and Pastes 


e Reaction between Gases, Solids or 
Material of High Consistency 


e Drying of Solids 
Conti R , Prod CALL ON BETHLEHEM’S YEARS OF EXPERIENCE 
° ntinuous Reaction to Froduce in designing and buildin pom to solve your horizontal process- 


Formic Acid, Gypsum and Urea ing application. We have designs wh:ch may be easily adapted 
to your process, or we can design units tailored to meet your need. 


BETHLEHEM FOUNDRY & MACHINE CO. 


PROCESSING EQUIPMENT DIVISION 
BETHLEHEM PENNSYLVANIA 


Semi-continuous unit for dry 
ing ore sludge. dia. 
long seraper surface dryer undergoing mechanical and tests 
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High Heat Transfer Rate, 
| ‘Vigorous Mixing, and 
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STEADILY, 
CRITICALLY, 


No need for costly, complicated two-stage reducing 
stations when you handle high pressure drops with PRESSURE REDUCING 


Leslie Pressure Reducing Valves . . . ideal for 
steam heating installations or for process reductions. VALVES 


Leslie design, materials and workmanship have 
proved successful for more than 55 years in all 


kinds of industrial heating applications. The single- ©@ For Steam, Air, Gas 

' seated, internal pilot, piston operated construction of * Accuracy of Regulation 

, Leslie regulators can handle pressure drops up to 1500 psi % 
and higher and are being used successfully in @ Instant Reaction to Flow Change 
pressure generating stations all over the U. 8S. © Stellited Seating Surf 

@ Interchangeable Parts 


TYPICAL PRESSURE RANGES 


IWLET REDUCED 
BODY MATERIAL SIZES STEAM PRESSURES PRESSURE RANGE 
Cast iron 25-250 2-35 
Cast iron is”- 6" 25-250 10.235 

Cast Bronze ig”. 4" 25.300 2 
Cast Bronze is”. 4" 25.300 10 265 an 
Cast Bronze 5”-6" 40.300 5.35 
Cast Bronze 40.300 20-275 
Cast Carbon 300.750 100.600 
Steel & Cast 
Alloy Steels 300.1500 100-600 


Provides latest engineering dota 
on oll closses of Leslie Pressure 
Reducing Valves—orsists you in plon- 
ning ond specifying for optimum 
performance. Yours on request. 


—_— LESLIE CO., 241 Grant Avenve, Lyndhurst New Jersey 
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Simplified, one-piece design locates flame 
arrester outside pressure-tight housing where 
it is easily accessible. 

Vertical position of arrester permits conden- 
sate to drain off freely—prevents frequent 
“‘clog-ups” and prolongs operating time. 
Medern “‘swing-belts” permit quick removal 
of vent covers for visual inspection or re- 
moval of valves or arresters for cleaning. 
Interchangeable arresters permit a spare to be 
inserted quickly and easily to safeguard tank 
while servicing original arrester. 

Sturdy arrester plates resist distortion during | 
cleaning and are self-positioning to assure cor- | 
rect air-space-gauging and safe reassembly to 
original Factory Inspection Standards, 
Precision fabricated valves are processed to 


PROTECTOSEAL 
vapor conservation 
vents 


DESIGNED FOR... 


LOW-COST 
MAINTENANCE 


FULLY FIRE PROTECTIVE 
SIMPLE and EASY to 
MAINTAIN 


assure tight seatings, and 

are available as specified 

fam on order for other than | 
normal pressure settings. 
Stream-lined design assures 
maximum air-flow capaci- 

\ ties and self-drainage of | 


condensate. 


West Coast Werehouse: Los Angeles, 
in Canada, Sefety Supply Ce., Terente 


The Protectoseal Company | 
1952 So, Western Ave., Chicago 8, Ill, | 
Please send me ‘Venting Fundamentals’ | 


Nome Title 
Company 
Address » | 


City State 


| 
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about our authors... 


SOMEWHERE, MEXICO VW hen deadlines are 
crowding and galley proofs aren't read 
by authors, phones start to buzz. At 
stake was January C.E.P., with author 
Clyde Berg not heard from. A check 
with his secretary at Union Oil in L.A. 
revealed he was enjoying a Mexican va- 
cation, was likely at the moment to be 
in Acapulco, An hour later the radio told 
of the earthquake that had done severe 
damage to that beautiful community. 

As it turned out, we couldn't know 
for sure for at least 24 hours that Clyde 
was all right, inasmuch as (1) the 
wires were down between Acapulco and 
the outside world, and (2) Clyde was 
about 350 miles south of Mexico City, 
where communication was allowed to 
begin to deteriorate some few centuries 


ago. 


Clyde is shown exploring the ancient 
ruins of Zapotec Indian races known as 


near Oaxaca. 


MIDLAND, MICHIGAN 
about another absentee author. 


This is not a story 
Instead, 


we proudly reveal a small part we had 
in helping put into final form a dynamic 
report on a community. What makes 
this community of Midland, Michigan, 
different ? factors: the civic cli- 
mate laid down by farsighted leaders, 
and the effect of chemical engineers and 
other technologists in affairs. 
You'll be able to read this stimulating 
report by W. R. Collings, president of 
Dow Corning, aided with illustrations 
by our Bill Anderson (profile), in the 
May C.E.P. 


Two 


civic 


MADRID, SPAIN—We recently called Co- 
lumbia U. to find out how Prof, Charles 
Bonilla’s third Liquid Metals Sympo- 
sium (New Orleans Meeting) was*com- 
Were told “he’s away on a 
short trip.” “Where?” “Spain.” 

Now recently returned wearing a 
hand-tailored suit costing less than $50 
U.S., Carlos (his Spanish pseudonym ) 
tells he was for five weeks lecturing at 
Junta de Energia Nuclear, with co-spon- 
sorship by our State Dept. and the 
A.E.C. 


ing along. 


Professor Bonilla 
(left) with a group 
of students construct- 


ing electrical Employing facsimile 
analog board. paper and testing 
electric bulbs for 


use in analogs for 
heat transfer & fluid 


flow 


Purpose was to instruct some 22 engi- 
neering profs and advanced grad stu- 
dents in coolant flow and heat transfer 
design aspects of nuclear reactors. 

Spain, he said, has one of Europe's 
more active nuclear power prezrams, 
having operated some six years, with 
200 presently working full time. On or- 
der from the U.S. is a 200 megawatt 
research reactor 

Only major problem was how to take 
proper advantage of the “good buys” in 
two days shopping. Would have been 
no problem, says Carlos, if Mrs, B. had 
been along. 

One purchase he didn't need Mrs. B.’s 
advice on, however, was a collection of 
hand-painted neckties he commissioned 
from a Spanish haberdasher and 
brought back as souvenirs for friends 
and associates. The hand-painted sub- 
ject? An atomic reactor! 
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why you save with 


SRAnD 


IMPERVIOUS GRAPHITE PROCESS EQUIPMENT 


@ Lower first cost @ Freedom from metallic contamination 
@ Unequalled corrosion resistance © Ease of installation, fabrication and 
modification in the field 

@ Light weight 
© Rugged mechanical designs ®@ Quick delivery — usually from stock 
e High thermal conductivity @ Complete technical advisory service 


Write for Literature « Manufactured only by NATIONAL CARBON COMPANY 
The term “Karbate” is a registered trade-mark of Union Carbide and Carbon Corporaion 


NATIONAL CARBON COMPANY - A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, N.Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pictsburgh, San Francisco. ln Canada: Union Carbide Canada Limited, Toronto. 
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“Were starting w “equipment | 
r : Heat Exchangers — = Cascade Cooters— HC! Absorters 
ay Catatog Sections Catalog Section Catalog Section 
7) $-7000 $-6/40 and $6800 5 6870 3.71466 


this man’s plant 
is equipped with... 


FILTERS 


Take a tip from this man. . . relax 
with the confidence that your 
filtration processes are efficient, 
trouble-free and profitable 

. . with Process Filters. 


If you would like more 
information . . . contact 
Mr. Edward A. Ulrich, 
Vice President. 


See Process Filters 
in the Bowserama 

in your city 
watch for announcement 
of dates. 


VERTICAL LEAF VERTICAL BATCH HORIZONTAL LEAF HORIZONTAL BATCH CARTRIDGE 


FILTERS FILTERS FILTERS FILTERS FILTERS 


for 
Gan Cor capital tavestnent. 1807 Elmwood Ave., Buffalo 7, N. Y. 
A subsidiary of BOWSER, Inc. 


Ash bout the time-payment PROCESS FILTERS, INC. 


Photo by Underwood & Underwood 
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Degradation and dust are elimi- 
nated by handling carbon black 
with STEPHENS-ADAMSON 
Zipper-sealing belt conveyors. 


To preserve the important but fragile structure of carbon black 
beads and at the same time eliminate dirt accumulation, B. F. 
Goodrich selected STEPHENS-ADAMSON “zip-in" conveyors 
for their Tuscaloosa, Alabama plant. 

Completely enclosed and gently moved along at 9 tons per 
hour, carbon black travels horizontally, vertically and on inclined 
planes from feed to discharge. A very significant reduction in 
power consumption has been noted where screw type conveyors 
have been replaced with the S-A Zipper belt. 

This installation is a direct result of the success which has 
been attained in Goodrich plants all over the country with 


similar equipment. 


Enclosed in housing, this zipper conveyor runs 4 ft. 
horizontally and then 60 ft. on a vertical and inclined 
th 4 4 


plane. Discharge is to either pp 
(see below) or to storage shown at right. 


From elevator and storage section at left zipper con- 
veyor runs 156 ft. horizontally, rises on an incline and 
discharges to additional storage facilities. Conveyor 
capacity tons per hour. 


Designers and 
manufacturers 
of conveyors, 


S-A engineering skill is solving hundreds of materials 
handling problems every year all over the world. This 
same talent can save you time and cost too. 


elevators, and 


t-ZIPPER BELT OPEN FOR RETURN 
RUN AND FOR CUEANING 
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STEPHENS-ADAMSON MFG. CO. 


57 Ridgeway Avenue, Aurora, tll. 
Los Angeles, Calif. — Belleville, Ontario 


ENGINEERING 
DIVISION 
Designers and 
manulecturers of 
oli types of bulk 
materials convey 

ing systems 


STANDARD 
PRODUCTS 
Division 
A complete line of 
conveyor scces- 
sones 

loaders car pw 
controls, etc. 


SLALMASTER 
DIVISION 
A tall tine of 
dustrial bell bear. 
tng units avaiable 
in both standard 
and special hows. 


7 
i, 
| 
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T IN 
ZIPPER TEETH \ 
FOR CONVEYING ings. 
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NEW 


Alumina 


and other 
Special 


Base 
Catalysts 


A wide line of new, extremely hard, Alumina 
Base Catalysts, as well as synthetic silica- 
alumina and other special base catalysts, is 
available. These are manufactured by the 
Chemicals Division of Houdry Process Cor- 
poration to special standards for uniformity, 
surface area hardness and mechanical 
strength. 


New, Houdry HARD ALUMINA base For additional information, write on your 


catalysts inciude: 


platinum 

« cobalt molybdate 

« molybdenum oxide 
« molybdenum sulfide 
« chromium oxide 

« nickel oxide 

« palladium 


letterhead to: 


PROCESS CORPORATION 


Chemicals Division 
1528 Walnut Street, Philadelphia 2, Pa. 


PIONEER IN CATALYSIS 
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Last autumn C.E.P.’s Trends pointed out that 
the chemical industry, after about five years in 
which profits were more or less static, was ap- 
parently entering a new period of progress. If 
the business history of the industry repeats itself, 
this should mean that leading companies will 
climb onto a new plateau of earnings over the 
next few years. 

Current events appear to justify this theory. 
The new trend became manifest in the first half 
earnings of 1955 and the published annual re 
ports for the full year for the leading firms 
showed, almost without exception, new records 
in sales and notable gains in profits. 


Quarterly Records 

Figures for the first three months of this year 
are not at hand at this writing but checks with 
management and reliable estimates in invest 
ment circles indicate that the first quarter of 
1956 will be well above 1955 and will, in many 
cases, again set new high records for a quarter. 
So far there are no disturbing signs that might 
point to a letdown in the chemical business in 
the near future. 

Union Carbide, for example, is expected to 
show a net for the March quarter of $1.25 a 
share or more, up 25% from the March 1955 
period. 

Financial watchdogs think that both American 
Cyanamid and Allied Chemical will show the 
best first quarter earnings in their history this 
year—a good start on showing new records for 
the year. 

A compilation of the record of last year's 
operations shows that 23 chemical firms reported 
total net of $858,178,000 earnings for the year, 
an increase of about 30% over net earnings of 
$660,000,000 in 1954. 

While this percentage gain in earnings is not 
as large as the percentage gains shown by such 
industries as metals and textiles, which are sub- 
ject to wider fluctuations in their business, the 
gain shown by the chemical industry is impres 
sive on top of an already high and stable level 
of activity. 


Standouts 

\ few firms showed more striking advances 
than the industry as a whole: Union Carbide 
reported net equal to $4.85 a share against $3.10 
a share in 1954, a gain of 57°. This was partly 
due to the resurgence of the firm's formerly 
depressed business in ferro alloys which depend 
on the steel industry 

Dow Chemical for the six months ended 
November 30, 1955 had earnings equal to $1.22 
a share compared with 71 cents a share earned 
in its 1954 six months period, a gain of nearly 
70%. Another outstanding performer was Rohm 


CEP | trends / CHEMICAL 
/ BUSINESS 


& Haas, which showed the fancy figure of $17.25 
a share for 1955 compared with $12.54 in 1954 
and $6.73 in 1953. Rohm & Haas is one of the 
few sizeable chemical firms that has not split 
its shares, which accounts for the unusually 
high showing. 

Figures for some of the other leaders in the 
industry are less notable but nevertheless must 
have made pleasant reading for their share 
holders. Allied Chemical showed for 1955 net 
equal to $5.72 a share against $4.80 in 1954 
American Cyanamid reported $4.07 a share 
against $2.95 a share and Hercules Powder $6.90 
a share against $5.30 a share. Hercules is now 
in process of splitting its shares three for one. 
Du Pont came up with record net for last year 
equal to $9.26 a share against $7.35 in 1954. Of 
this $6.51 a share in 1955 came from its oper 
ating earnings as a chemical firm, against $5.50 
a share in 1954. The balance came from divi 
dends trom its somewhat fantastic holdings of 
over 20 million shares of General Motors cur 
rently valued in the stock market at around 
$1,000,000,000. 


The Drug Picture 

Drug firms, though also considered “growth 
stocks” in Wall Street parlance, had only a 
modest gain in earnings of 16%, last year over 
their results in 1954. A list of 12 companies had 
net earnings of about $107 million against $92 
million in 1954, 

This is partly because the drug industry has 
lately been less dynamic in its growth than the 
chemical industry and is also more competitive 
Only a few smaller firms that have made some 
major developments on their own, such as Nor 
wich Pharmacal and Schering, made gains com 
parable to those shown by chemical companies 

There are a few indications, however, that a 
number of the leading drug firms may have a 
considerably better year in 1956 than they had 
in 1955 

Heavy sales of Salk vaccine expected this year 
should augment profits of such firms as Eli Lilly 
and Parke Davis. Last year, because of sales to 
Foundations at cost and because of the ruckus 
over the purity of the vaccine, it is probable 
that profits were scanty Some of the newer 
mental drugs now climbing into big time sales 
volume will help firms like Smith, Kline & 
French and the Wyeth Division of American 
Home Products 

Confidence of the chemical industry in its 
future is shown by its continued heavy expendi 
tures for plant expansion. The Manufacturing 
Chemists Association estimates that $1,600,000, 
000 will be spent on plants in 1956 and 1957 of 
which now $1,100,000,000 is in plants actually 
being built with the balance under commitment 
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First “service” station for submarine reactors 
...transition shield of LEAD brick 


Here's something new in the 
swiftly advancing technology of 
atomic power . . . a chamber de- 
vised for recharging reactors of 
submarines ... and maybe, some- 
day, reactors of ships, planes, 
locomotives and stationary power 
plants. Here, shielded by lead, 
men can service equipment safely. 


The specially designed bricks 
were produced by National Lead. 
They stack and fit perfectly, in a 
circle . . . without mortar. Inner 
surfaces are contoured to the 
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chamber arc. Interfaces are also 
curved ,.. to mate and mesh ina 
structurally sound configuration. 
Nowhere does a crack offer a 
straight-line path for radiation. 


Maybe you need lead brick... 


extruded, curved “Protecto” brick 
...or conventional, flat-sided ex- 


truded brick. Maybe you want 
lead in some other standard form 

. sheet, slab or sleeving, for 
instance. Maybe you want some 
specially built shape. 


You can get lead shielding the 
way you want it from National 
Lead. Just call the nearest branch. 


National Lead Shielding 


NATIONAL LEAD COMPANY, New York 6; Atlanta; Baltimore 3; 
Buffalo (Depew P. 0.); Chicago 80; Cincinnati 3; Cleveland 13; 
Dallas 2; Philadelphia 25; Pittsburgh 12; St. Louis 1; Boston 6 
(National Lead Co. of Mass.); Los Angeles 23 (Morris P. Kirk & Son, 
Inc.); Toronto, Canada (Canada Metal Company, Ltd.). 
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opinion 
and 
comment 


The appointment of Walter G. Whitman, Clifford C, Furnas, and 
now Eger V. Murphree to technico-administrative posts of extremely 
high level in government suggests a recognition trend that is inter 

esting to consider. 


These three appointees are eminent chemical engineers who have 
had extensive experience in other governmental work involving 
sizable projects, too numerous to cite here. For the professsion, Whit 
man is currently president and served in other posts of the Institute 
as all readers know. Furnas was a director in 1945-47, Murphree just 
completed a directorship that began in 1953. 


Murphree’s recent appointment to the role of “guided missiles czar” 
makes him a special assistant to Defense Secretary Wilson. Furnas is 
on sabbatical leave from the University of Buffalo where he was chan 
cellor, and is Wilson's staff assistant Defense Secretary for research. 
Whitman was made Secretary General of the Conference on Peaceful 
Uses of the Atom at Geneva last year. 


: The gravity of the world race to achieve intercontinental guided 
; missiles is such that in effect the role accorded to Murphree may well 
| be one of destiny, not just for the man Murphree, but for all of us. 


It is interesting to conjecture whether in selecting Murphree, Whit 
man, and Furnas for these roles, the fact that they are chemical engi 
neers had particular bearing. It can be of course that as unusually 
able people, they were selected primarily for other qualities. In these 
days of our growing dependence for security, even survival, on in- 
creasingly complex technology on a massive scale, it seems likely, 

, however, to find an extremely able leader who is also a broadly trained 
technologist, will undoubtedly prove to be a decided asset. 


As Whitman's role in the U. N. focussed the attention of people 
everywhere on the strong relationship between the chemical engineer 
and atomic energy, it can be postulated that a similar effect is again 
taking place. The presence of a prominent chemical engineer 
in the top role of the guided missiles program is doubtless getting 
across to many, that there must be an important connection between 
chemical engineering and guided missiles. Fortuitously, this issue of . 
C.E.P. carries an article on just this subject entitled “Chemical Engi- 
neering Aspects of Jet Propulsion,” by Rapp, which many readers may 
find surprisingly informative. 

Members of the profession may well feel a strong sense of pride 


concerning the status and responsibility accorded their associates, and 
also one of gratitude that these grim matters are in such good hands 
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For “economy, long life, and freedom 
from contamination,” 


DURCO is the choice at 


NATIONAL ANILINE DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


Buffalo, New York 


| Durcopumps and Durco 
valves were selected for: 


ee ... transferring slurries of acid and direct 
dyes... 


... 8ulfonation of organic compounds with 
25% Oleum... 


.. concentrated solution of mixed sodium 
and potassium hydroxides at tempera- 
tures in excess of 100° C.... 


... handling a solution of benzoyl, benzoic 
acid in benzine saturated with aluminum 
chloride solution... 


.. transferring alkaline solutions and 
saturated aluminum chloride in water 
solutions. 


For detailed information about these 
Durcopumps, Durco valves, and other 
DURCO corrosion resisting products, 
contact your DURCO representative 
or write. 


THE DURIRON COMPANY, Inc. 
Dayton, Ohio 
BRANCH OFFICES: Atlanta, Boston, Buffalo, Chicago, 


Cleveland, Detroit, Houston, Knoxville, Los 
Angeles, New York, Philadelphia, Pittsburgh 


COMMOTION BES 
LOTS 


é 


process equipment standardization .. . 


THE BEGINNING OF A NEW ERA 


J. C. Lawrence Cheirman, A.I.Ch.E. Standards Committee 


TANDARDS in our industries are not new. For years we 
have benefited from A.S.M.E. safety codes for unfired 
pressure vessels and boilers. Then, too, we have many 
valuable mechanical standards including the A.S.A. code 
for pressure piping, the M.S.S. (Mfrs. Standardization So- 
ciety) standards for valves and fittings, and hundreds of 
others which assure even such taken-for-granted functions 
as light bulbs fitting sockets, nuts fitting bolts, and so on. 
One of the most valued programs of standardization has 
been carried on by the A.S.T.M. with regard to materials 
testing. 

It is only recently, however, that we have come to appre- 
ciate that we may achieve the benefits of dimensional 
standardization of certain items of processing equipment. 
In the past, we have felt assured that the advantages to 
be had from custom design greatly outweighed the advan- 
tages arising from the use of designs arbitrarily comprised 
to achieve standardization. 

Before us seems a new era—one in which we can have 
both interchangeability and custom engineering. In the 
case of centrifugal pumps, this means that, for a given 
rating, we may find it possible to have various designs and 
manufacturers’ interpretations able to fit interchangeably 
into a given space. 

The same can be expected for heat exchangers, distilla- 
tion towers, and a host of other items closely concerned 
with the functioning of the chemical engineering process. 

What are the advantages to be expected from such 
dimensional standardization? What will the disadvantages 
be? In the two excellent articles which follow (Brand and 
Murdock), these are discussed in a manner which should 
make many of the issues clearly understood. 

How will such standardization be achieved? The present 
effort is centered primarily around centrifugal pumps. The 
main agency for working out pump dimensional stand- 
ardization is Sectional Committee B-73 of the American 
Standards Association. This committee is made up of about 
30 representatives of process operating, pump manufac- 
turing, and other firms and organizations including the 
A.L.Ch.E. The committee has two official sponsors, the 
Manufacturing Chemists Association and the Hydraulic In- 
stitute, with the former handling the clerical and other 
administrative responsibilities. Historically, B-73 was an 
outgrowth of a recommendation made to the A.S.A. by 
the Chemical Industries Advisory Board, a subdivision of 
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A.S.A., following its survey of views of the chemical industry 
and the pump suppliers. 

Today, the M.C.A. has a Committee on Mechanical Equip- 
ment Standardization, the primary purpose of which is 
to conduct preliminary studies to determine the fields with 
the most potential for savings from standardization activi- 
ties, and to initiate projects through the proper channels 
for bringing these savings to fruition. 

The A.l.Ch.E. has two committees working on different 
aspects of standardization. One of these is the Equipment 
Test Procedures Committee, the purpose of which is the 
development of standard testing procedures—a vital aspect 
of standardization between buyers and sellers at both pur- 
chasing and acceptance stages. 

The A.L.Ch.E. Standards Committee was authorized by 
Council at its December 1954 meeting to “develop standards 
and codes of importance to the chemical industry and to 
the chemical engineering profession. I shall confine its 
activities to the screening, investigation, and development 
of standards and codes that are clearly considered to be 
chemical engineering and chemical industry standards.” 

Inasmuch as the A.S.A.’s B-73 is proceeding with cen- 
trifugal pumps, the A.I.Ch.E. Standards Committee is co- 
operating to the fullest extent including the providing of 
representation. 

Two subcommittees of the A.I.Ch.E. Standards Committee 
have recently been formed, representing fields in which we 
shall be working to develop standards. These are for heat 
exchangers, and for carbon steel bubble cap distillation 
columns ranging from 15 to 400 Ib./sq. in. ga. operating 
pressures. 

Recently, the A.I.Ch.E. announced its support of the for- 
mation of a proposed A.S.A. Nuclear Standards Board. To 
date, the Institute has offered to be a sponsor of a Sec 
tional Committee on Chemical Engineering in the Nuclear 
Field, and another on Reactor Hazards. 

There are others working on standords of value to the 
chemical process industries. The intention of this brief intro 
duction is to highlight certain activities and slight no one 
In general, it can be said that with the momentum now 
under way, it seems that we may really begin to see process 
equipment standardization become a practical reality 
From the estimates of the M.C.A. that chemical industry 
growth may make it 500% as large by 1975 os it 
was in 1950, it is not difficult to picture the dollar benefit 
involved as important to our economy. 
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Dimensional 
Standardization 
of Centrifugal 
Chemical Pumps 


WHAT THE 
CHEMICAL 
INDUSTRY 

WANTS 


D.C. Brand 
Monsanto Chemical Co., St. Louis, Missouri. 
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n industry as in business, a proper 
balance of all the factors influencing 
its profits is mecessary if prefitable 
operation is to be assured. 

These influencing factors can be 
broken down into two main catego- 
ries: the external influences of demand, 
quality, and selling price originating in 
competition, and the costs involved in 
converting raw material to finished 
product. The purpose of this article is 
to discuss ways by which the profitabil- 
ity pattern can be improved through cer- 
tain adjustments of internal costs, those 
involved in converting raw material to 
finished product. Factors influencing 
these conversion costs, particularly 
those pertaining to the equipment in 
which the raw materials are converted, 
are summarized as: 

1. performance 

2. mechanical reliability leading to infrequent 
maintenance and replacement 
downtime leading to production loss 
safety 

equipment cost 
engineering time 

installation costs 
inventories 

replacement costs when required 
10. repair cost when required 


National Standardization 

As the subject of this article is cen- 
trifugal pumps, emphasis will be cen- 
tered on a national standardization pro- 
gram for centrifugal pumps used in the 
chemical industry. An attempt will be 
made to bring out the savings involved 
and the feasibility of such a program. 


Why hasn't this been done before? 

Since the factors influencing the con- 
version costs listed above have always 
existed, it may well be asked why in the 
field of centrifugal pumps they are only 
now being given such major considera- 
tion, 

It has been said that it was around 
the early 1900's that the chemical indus- 
try really “took off.” That period ini- 
tiated its recognition as a major indus- 
try and the centrifugal pump began 
displacing older types of pumping equip- 
ment. Because the chemical industry 
was comparatively insignificant and be- 
cause it was concentrating on develop- 
ing new products, new processes, and 
in short, on manufacturing chemicals 
with all its cost consciousness focused 
on raw materials and low capital invest- 
ment giving little consideration to the 
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maintenance of its mechanical equip- 
ment, the centrifugal pump was devel- 
oped for the utilities primarily to pump 
water. 

At this time equipment to the chemi- 
cal industry was merely a means to an 
end. Plants were run usually by chem- 
ists with operators and repairmen keep- 
ing the equipment in operation and on 
occasion even the chemist pitched in. 
Baling wire was the key item in the 
storeroom. Engineering attention to 
equipment maintenance is a compara- 
tively recent development. Therefore, 
the chemical industry with all its special 
pumping requirements, such as slurries, 
pastes, and viscous, volatile, toxic, and 
corrosive liquids struggled along using 
water pumps wherever possible. Where 
these could not possibly be used, the 
chemical industry paid for modification, 
special designs, and special materials of 
construction. Of course, all during this 
time each pump was an individual de- 
sign with little attention given to inter- 
changeability or inventory reduction. 

The chemical industry continued to 
grow until in the latter part of the 
1930’s to the middle 1940's several fac- 
tors caused a major change in its 
thinking. The European war required 
its production to maintain capacity 
rates, and new construction was severely 
limited. This placed shutdown time at 
a premium. Continuous processes were 
being evolved in which reliable opera- 
tion was even more critical. Meantime 
labor practices changed drastically and 
labor wage rates increased rapidly. As 
a result, the value of repair time took 
on new importance. In erder to protect 
production, parts inventories soared to 
new heights. Interchangeability and 
dependability became prime considera- 
tions; in short, both the criteria for 
quality and the maintenance practices 
were brought forcefully into the lime- 
light and found wanting. 


Here we are 

Plants growing up in the tradition 
just outlined find themselves with a 
multitude of pumps of various types, 
styles, and designs, each pump having 
been purchased for a specific applica- 
tion. In one such plant there are 1200 
pumps installed and more than 400 dif- 
ferent types and styles that are not in- 
terchangeable. An analysis shows that 
the capacities in many of these pumps 
do not vary more than 5 gal./min., or 
the head more than several feet, and 


shaft diameters vary for no apparent 
reason. A recent study by one company 
based on nine manufacturers’ pumps in 
the capacity range of 5-500 gal./min. 
revealed sixteen shaft diameters—some 
sized by the 1 or % in., some \%, and 
some 1/16 in. One shaft was even in 
decimals. No wonder couplings and me- 
chanical seals are so expensive! One 
manufacturer of seals estimated that if 
standards could be established on shaft 
diameters where the shaft goes through 
the stuffing box, prices of seals could 
be reduced by approximately 50%. 

It is obvious, therefore, that in order 
to protect this multitude of types and 
styles of pumps and their related com- 
ponents, inventories of spare parts be 
come completely unreasonable. Man- 
agement then exerts pressure to decrease 
them, consequently, the dilemma of 
either high inventories, or high replace- 
ments costs, and of more shutdown time 
In newer plants attempts have been 
made to standardize on one or two 
manufacturers’ pumps in order to solve 
this problem and effect lower inven- 
tories, decreased shutdown time during 
replacement, and decreased replacement 
costs. This too has been found dis- 
advantageous, for such plants are un- 
able to capitalize on new improved de- 
signs as they come on the market be 
cause of the tremendous cost involved 
in changing over; also, they are com- 
pletely at the mercy of one supplier for 
deliveries and service in general, per- 
haps even price, especially regarding 
spare parts. At the present time when- 
ever one manufacturer's pump is re- 
placed with another's pump, concrete 
foundations must be knocked out and 
replaced, piping changed, and electrical 
conduit relocated, all of which leads to 
tremendous costs both because of the 
labor involved and the production lost. 

In engineering, a separate foundation 
design for each manufacturer's pumps 
is required, Certified prints with dimen- 
sions must be obtained before piping 
and foundation drawings can be made 
This not only delays engineering but 
also requires extra expense in merely 
obtaining the dimension sheets. Pumps 
must be analyzed in detail because there 
is no minimum standard for quality as 
has been pointed out (1). All these 
things lead to high costs in engineering 
as well as in construction. 

A subcommittee of the chemical in- 
dustry’s advisory board of the American 
Standards Association estimated that 


Chemical Engineering Progress 


STANDARDIZATION OF 
PROCESSING EQUIPMENT 


the replacement and maintenance costs 
for centrifugal pumps in the chemical 
industry average approximately 509% ot 
the initial investment annually because 
of the following : 


lack of interchangeobility 
difficulty of maintenance 
high inventory 
9 ing prob associated with the 


Pe p= 


varying of basic cimensions and features 


The solution 


This same committee has agreed that 
there is only one answer, namely a 
national standardization program on 
centrifugal pumps to establish a defini 
tion of quality for the chemical! industry 
and a design pattern involving desirable 
features within a standard dimensional 
framework which will allow inter 
changeability between the various man 
ufacturers’ comparably rated pumps 

This committee concluded that 


1. @ definite need exists for a standardization 
program on centrifuge! pumps; 

2. pump stondards ore feasible, 

3. estimated savings to the chemicol industry 
alone will be $6,800,000 annually-a real 
opportunity and challenge 

4. @ project should be initicted under the 
ASA. to develop weh standerds 


The members of the committee thought 
that through such a program, lower re 
placement costs due to dimensional in- 
terchangeability would be effected, that 
there would be a reduction in capital 
investment on new construction, a re 
duction in design time, construction 
labor, storeroom space required, and 
that the maintenance costs would be 
decreased considerably due to certain 
desirable features Leing made standard 


Can it be done? 


Since the quality side of this problem 
has been discussed (1), the rest of this 
discussion will concentrate on the feasi 
bility of standardizing external dimen 
sions 

Approximately eighteen months ago 
an investigation was made of pumps by 
one major chemical company for the 
purpose of developing a standardization 
program. It quickly became obvious 
that there is a trend among the pump 
manufacturers to design a standard 
bearing bracket which will accommo 
date various-sized volutes in the differ- 
ent alloys (Figure 1). 
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CAPACITY GPM 


Table 1. 

Capacity 100 gal./min. x 70-4. head 

1750 rev./min. open impeller 
mir size pump size imp. motor 
A 2x 8% 5 hp. 
6 2x 1% 9 5 hp. 
c 2x 8% 5 hp. 
2x 8% 5 hp. 
2x 1% 8% 5 hp. 


Table 2 
max. size casing for 
particular bearing 
mfr bracket 
in. in. 
Al 4 x3 
A 2 4 x3 
6 1 4 x3 
4 x3 
2 
| 4 x3 
€ $ 4 x3 
2 2 
2 6 x5 
3 
4 x3 
1% xX 1% 


It was stated previously that the costs 
involved in converting raw materials to 
the finished product needed adjustment 
to accommodate the pressures of the 
external influences of demand, quality, 
and selling price. It is apparent that 
this is the pump manufacturer's attempt 
to obtain higher productivity within his 
industry and therefore, to meet these 
demands, Each manufacturer has tried 
to cut costs by standardizing as much 
as possible within his own line of 
products. This, of course, helps meet 
some of the internal requirements of 
the chemical industry. However, it still 
does not define the quality level of 
centrifugal pumps required for the 
chemical industry nor does it provide 
dimensional standardization so that com- 
parably rated pumps of different manu- 
facturers will be interchangeable. 
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When the trend among manufacturers 
to design one bearing bracket to ac- 
commodate various-sized volutes was 
recognized, it seemed possible that the 
external dimensions of these pumps 
might be standardized to effect the in- 
terchangeability required. There were 
many comments to the effect that such 
an approach was impossible because 
each manufacturer had designed his 
pump to different capacity and head 
requirements, and that the various man- 
ufacturers had met these capacity and 
head requ:rements differently. There- 
fore, in order to determine the feasibility 
of dimensional standardization the fol- 
lowing three steps were necessary: 


1. determine whether the same size pump was 
offered for a given head and capacity. 

2. determine the range of pump sizes that one 
bearing bracket would accommodote and 
the variations in these ranges. (it was as 
sumed that this step would also establish 
whether or not the manufacturers had de- 
signed to the same range of capacities and 
heads). 

3. determine, bosed on the above answers, the 
dimensional differences for: 

a. the bearing bracket alone 
b. the total external dimensions for com- 
porably rated pumps. 


Five representative manufacturers who 
were known to have made an effort to 
design pumps specifically for the chemi- 
cal industry were considered in this 
study and will be designated as A, B, 
C, D, and E for the purposes of figures 
and tables. 


STEP 1. 


Under step 1, that of determining 
whether the same size pump was offered 
for a given head and capacity, it was 
quickly established that in broad areas 
the pump size offered for a predeter- 
mined capacity and head was for all 
practical purposes the same. 

It is obvious that each manufacturer 
met the specification (see head of 
Table 1) by using the same size pump, 
and approximately the same diameter 
impeller, and the required size motor. 
This does not, of course, mean that each 
manufacturer used precisely the same 
amount of horsepower, but it certainly 
indicates that the horsepower required 
is within range. 


STEP 2. 


The second step, that of determining 
the range of pumps mountable on one 
bearing bracket and the variations in 
these ranges, was not quite so easy as 
step 1. 

It was noted first that all the manu- 
facturers’ views coincided in changing 
the size of the bearing bracket at 4 x 
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3 in. volute size with the rating of 
approximately 450-500 gal./min. and 
about 75- to 100-ft. head. These re- 
quired 15-hp. motors and 1750 rev./min. 
with open impellers. A few offered a 
little higher rating for the same size by 
increasing the impeller diameter and 
horsepower required. However, the 
range given here is a good average and 
covers the majority of the chemical in- 
dustry requirements. 

It can be seen in Table 2 that there 
is a common break at the 4- X 3-in. 
volute size. Other than this, the size 
seems to vary as can be seen by manu- 
facturer D and E. It is interesting to 
note that D2 did not coincide with the 
pattern, but had a break at 6- X 5-in. 
volute. This pump was not designed for 
the chemical industry but rather for 
general use, whereas D1 was designed 
for the chemical industry. 

Figure 2 shows the general range 
covered by the pumps up to and includ- 
ing the 4- x 3-in. size. 

It can be seen from Figure 2 that 
the manufacturers designed (as said 
before) to approximately 500 gal./min. 
at around 75- to 100-ft. head using 1750 
rev./min. and open impellers. This fig- 
ure also shows that the use of 3600 rev./ 
min. pumps has effected a pump design 
to reach approximately 250- to 300-ft. 
head. By this figure, it is not meant to 
convey that each manufacturer cover this 
over-all range exactly the same, but that 
they all design pumps to cover this range 
with the largest pump being size 4 x 
3 in. It should be pointed out also that 
some manufacturers overlap the 1750 
and 3600 rev./min. ranges shown here. 
For example, one manufacturer may at- 
tain a 175- or 200-ft head at 1750 
rev./min, by using a 12- or 14-in. im- 
peller, whereas another manufacturer 
may cover the range of heads from 70 
to 100 ft. with 3600 rev./min. using 
small casings and impellers. However, 
the range shown here is usually the 
common denominator covered by cas- 
ings up to and including the 4- x 3-in. 
size. Those casings covering the over- 
lapped areas are usually additions to the 
line mountable on the same bearing 
bracket and offered to meet their par- 
ticular customers’ desires or require- 
ments. 

Of the five manufacturers considered, 
three offered volutes to cover this com- 
plete range on one bearing bracket; one 
manufacturer required four bearing 
brackets including both cast iron pumps 
and alloy pumps; and one manufacturer 
required seven bearing brackets. Of the 
manufacturers offering this range on 
one bearing bracket, it is not neces- 
sarily to be understood that they do 
not have other bearing brackets avail- 
able. Rather is it stated here that the 
range shown on Table 2 can be covered 
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by them with various-sized volutes on 
one bearing bracket. This is definitely 
the trend as the manufacturer requir- 
ing four bearing brackets is presently 
redesigning, and the one requiring seven 
bearing brackets has already brought a 
completely new pump on the market. 
The manufacturer using seven bear- 
ing brackets to cover this range is a 
good example of the old approach, de- 
signing a bearing bracket, shaft, etc. 
for each pump. This, of course, is hard 
on interchangeability and inventory and 
cannot be mass produced in the quan- 
tities accessible to the newly designed 


pump. 


STEP 3. 


This leads up to the third step of the 
study—determining the dimensional dif- 
ference for (a) the bearing bracket 
alone, and (b) the total external dimen- 
sions for comparably rated pumps. It 
has been seen from the preceding steps 
that given a particular specification the 
manufacturers meet it pretty nearly the 
same. It has also been seen that they 
have all designed to the same basic 
capacity and head range with one or 
more bearing brackets. Figure 3 shows 
the dimensional differences of these 
bearing brackets. 

Where manufacturer D required more 
than one bearing bracket to cover this 
shown are for 


range, the dimensions 

the one which best fit the dimensional 
pattern of the other manufacturers 
shown. 


Manufacturer E was eliminated com- 
pletely because the dimensions of his 
bearing bracket did not seem to fit the 
pattern and, since he was redesigning 
it, it did not seem important. 

Manufacturer A offers two bearing 
brackets both of which will accommo- 
date volutes covering the entire range 
shown on Figure 2. One is oil lubri- 
cated and one is grease lubricated. The 
one shown is the grease lubricated, 
which again was chosen because it 
seemed to fit the general dimensional 
pattern. 

Manufacturer B offers a smaller 
bearing bracket for its smaller pumps 
only. However, the shown here 
will accommodate volutes covering the 
entire range shown on Figure 2. 

Manufacturer C offers casings that 
will accommodate extremely large im- 
pellers in order to attain high heads at 
1750 rev./min. The 4- X 3-in. pump 
mounting on this bearing bracket will 
produce a capacity of approximately 
600 gal./min. with about 20 hp. 

It can be seen from Figure 3 that 
the dimensions are surprisingly similar 
in many instances. Dimension A re- 
quires only minor adjustments with the 
exception of Manufacturer A’s dimen- 


one 
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sions, of course. Dimension B is quite 
similar with the exception of Manufac- 
turer C, who could possibly add some 


“ears” to increase this dimension. Di- 
mension C is quite similar with the 
exception of Manufacturer A. It is 
interesting to note that if this manu- 
facturer could move his front bolts ap 
proximately 2 in. they would also fall 
in line with Dimension A as well as 
this one. Dimension D varies only 
slightiy and might be adjusted with 
shims. 

The dimensional differences including 
a volute are shown in Figure 4. The 
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group of bearing brackets are the same 
ones shown on the preceding figure 
The 2- X 1%-in. volute size was arrived 
at by specification and not by arbi 
trarily selecting like sizes of the vari 
ous manufacturers. It is obvious that 
the dimensions here are more diversi 


Fig. 3 
size frame dimensions 
mfr. max — 
name in A 8 c G 
A2 4x3 9% 7 14% 7 9 12 2 ‘a 
81 4x3 7% 7 12%e6 7 9 10% 
ci 4x3 7% 4 12% 5 9% 
2x 1% 6% 6% 12% 5 8 10“%e6 » 
3 
E 
Fig. 4 
external dimensions 
mfr. size 
nome in. K J G 
A 2 2x 19% 7 ! 
2x 1% 7% 19'%6 3% 6 7% 2% 
2x 5% 19% 16% 34 5% 9 2% 1% 
2x 20'%g 16'Ye 4% 0 6% 
) 
F ANS: 
$y 
t 
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fied than those concerning the bearing 

bracket alone. However, there are some 

areas in which the dimensions are al- 

most identical, for example: 

1. dimension R—Manufacturers B and D 
only 1/16 in. apart. 

2. dimension M—Manufacturers B, C, and 
D are less than 1 in. maximum apart. 

3. dimension P—Manufacturers B, C, and 
D are almost identical. 

4. dimension S—Manufacturers B and C 
are almost identical and Manufacturers 
D and A are only 1/16 in. apart 

5. dimension L—Manufacturers B, C, and 
A are within 5/16 in. 

6. dimension K—Manufacturers B and A 
are only 1/4 in. off and manufacturers 
C and D are only 1/4 in. off. 


Purpose of the Study 


It has not been the purpose in making 
this study nor in presenting the results 
of it to attempt to resolve the differ- 
ences; the purpose originally was only 
to determine whether or not dimensional 
standardization was within the realm of 
feasibility, From the results presented 
here, it seems quite plain that it is 
However, there are many problems in- 
volved which are receiving thorough 
attention by a sectional committee estab- 
lished under the A.S.A. for the express 
developing standards for 
centrifugal pumps used in the chemical 
industry. This committee is composed 


purpose of 
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of representatives from the chemical in- 
dustry, the petroleum industry, the pump 
manufacturers, the packing and mechan- 
ical seal industry, and all interested 
parties. It feels sure that tremendous 
benefits will be realized by all industries 
involved through this united effort. 


No “Standard Pump” 

One additional thing seems appropri- 
ate to bring out at this time, namely 
that there is not, nor has there ever 
been in anyone’s mind within the group 
studying this question the concept of 
establishing a standard pump for the 
chemical industry. The ingenuity and 
originality of the designer is absolutely 
necessary if progress is to be made. 
The move outlined here is seeking a 
standard dimensional framework which 
will allow the new developments to be 
received and used to the fullest ad- 
vantage without the costly changeover 
presently required. 


A New Development 

Discussion thus far has dealt with 
pumps of the conventional design where 
the volute is supported by the bearing 
bracket. No doubt many are wondering 
about the new development which has 
recently come on the market where the 
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casing is supported independently and 
remains in the line while the remainder 
of the pump is replaced. 

Figures 5 and 6 illustrate the con- 
ventional and new designs, respectively 

As can be seen from these figures, 
the two pumps are considerably differ 
ent in their design. This new develop- 
ment derives from the refinery-type cen- 
terline supporting pump redesigned for 
the chemical industry. It has the ad- 
vantage of requiring only one craft tor 
replacements unless, of course, the vo- 
lute must be removed. Also, replace- 
ments are completed more quickly de- 


creasing downtime. However, at the 
present time its first cost is a little 
higher. This is supposed to correct 


itself as production increases. It is not 
the purpose of this paper to evaluate 
the pros and cons of the new design, 
but merely to acknowledge that it exists. 
Resolving this one design should be a 
real challenge to the A.S.A. Committee. 
In fact, because of the radical differ- 
ences between the two designs, it is 
possible that a dimensional standard 
may be established for each. However, 
they quite possibly can be accommodated 
on a standard base plate with the suc- 
tion and discharge dimensions so stan- 
dardized on the volutes that a change 
from one-type design to the other would 
not require the expense of altering the 
base or the piping as long as compar- 
ably rated pumps are used. 


Things to Anticipate 


Those men who served on the origi- 
nal exploratory committee are enthusi- 
astic about this move towards standards 
as it appears to be the beginning of a 
new concept in the chemical industry. 
This industry has grown to a place 
where, based on its assets, it is the 
fourth largest industry in the nation 
and it has recently been forecast that 
it will triple in size by 1970. 

There appears to be no reason why 
similar projects should not be initiated 
in the near future for items such as 
general-purpose tanks, heat exchangers, 
and agitator drives, to mention a few. 
With the chemical industry possessing 
this industrial stature coupled with its 
new awareness of this virgin territory 
for savings in the field of mechanical 
equipment, it seems that the chemical 
industry is standing on the brink of a 
new movement to standardize the me- 
chanical components comprising _ its 
plants. 
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n the pump industry, as in any indus- 
4 try, increased standardization of 
parts, items, or units produced has been 
one of the underlying objectives of 


This 


fundamental principle of the American 


operations basic concept is a 
It has produced more goods 
the 


ultimate 


economy 
for more people at a within 


the 


cost 
reach of the majority of 
consumers 

Pump manufacturers, operating under 
the 


own 


and within competitive economy, 


(and also 
stand 
and units to the 


obtain 


have of their volition 


through necessity) undertaken 


ardization of parts 


maximum degree. In order to 
the benefits of volume production, their 
program is a compromise between econ- 
omy of manufacture and consumer re 
quirement 
Standardization has taken place in the 
categories of pump parts, mounting tech 
niques, and interchangeability 
Parts: Effort 
sign parts that will be 
many different sizes 
as possible lhese effort 


ily to glands, lantern rings packing, and 


have been made to de 
usable in as 
ind types of pump 
apply primar 
shaft sleeves. In cases of impellers, cas 


ings, and cover plates, manufacturers 
have sought to achieve interchangeabil 
ity, if different 


models. 


feasible, among many 


The illus 
trations point up the fact that the liquid 
end of the pump does not know how it 
other the 


Mounting accompanying 


is mounted. In words, sani 
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END-SUCTION, SINGLE STAGE 


CENTRIFUGAL PUMPS 


WHAT THE 
CENTRIFUGAL PUMP 
MANUFACTURERS CAN DO 


Some ideas on the reactions of centrifugal pump manufac- 
turers to the general theme of developing a set of standards 
for horizontal, end-suction, single-stage centrifugal pumps 
suitable for the chemical industry are enunciated in this 


paper. 


The opinions expressed here represent the con- 


sensus of a typical group and not of a single company. 


M. L. Murdock 


casing and impeller can be mounted in 
a close-coupled mounting, in a trame 
mounting, and can be adapted also to 
special mountings that may be required 
by any one particular customer. This is 
the basic idea behind the interchange 
ability of a liquid end of the pump be 
tween various types of mounting. Also 
several sizes of liquid ends can be 
mounted on a given size frame mount 
ing. This keeps the number of frame 
sizes to a minimum 

If the question, naturally enough were 
asked the 


irrangement | 


wl y close oupled type or 


hown when the chemi 
cal industry is concerned only with the 
unit, the could 
be found in the records of the Hydraulic 
Institute (7) 


thon obtained 


frame-mounted answer 


ind necessary informa- 


from a number of repre 


sentative pump These rec 


that a 


companies 


ord show large percentage ot 


the pumps are sold with the close-cou 
pled mounting 


The 


interchangeability of casing 


Interchangeability problem ot 


i! d impel 


lers between frame-mounted and close 


coupled arrangements is a serious one 


ior a majority of pump manutacturers 
It must be taken into account in the 
general over-all development of stand 
For in any set of 
the 


understandable 


ards. 
standards 


setting up 

must be 
justifiable, 
and 
stated here 


ultimate ones 


simple and 
to both the producer 
the consumer. It should be 


that standardization or interchangeabil 


economical 
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Manager, Centrifugal Pump Section, Allis-Chalmers Manufacturing Co. 
Norwood Works, Norwood, Ohio 


ity of the liquid ends between various 
types of mounting has taken place only 
within individual pump companies. 

the 
pump stand 
and the 
Hydraulic Institute has, on an over-all 
basis, developed and published standard 


In addition to the work done by 


individual companies in 


ardization interchangeability, 


(1) which apply to such items as listed 
These standards definitely affect 
and clarify the 
Such tandards 
derstandings in terminology, 
between the 

Subjects 


below 


items under considera 
misun 


definitions, 


thon prevent 


procedures, etc., consumer 


ind the supplier covered in 


clude 


defiaiti 


a. and 


application 
rating 
test code 
instructions for installation, operation, and 
maintenance 
friction tables for water 
friction tables for viscous liquids 
. materials of construction for pumping verious 


liquids 


Evaluating the Mechanical Design 


Fvaluat 
] nad 


(2) has 


The comprehensive thesis, 
ing the Mechanical 


Suction Centrifugal 


Design of 
Pump 
reviewed hy some 


have 


been punip tat ulac 


who little or no quarrel 
the 


objectives outlined by the author 


turers 
with the 


The 


with contents, especially 
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Table A. 


End Suction Centrifugal Pumps 
sold during year 1954—as 
reported to the Hydraulic 


pumps designed to follow the contents 
and objectives of this treatise would, of 
necessity, have more mechanical design 
features than the general line of pumps 
now offered. In other words, the gen- 
eral line of pumps would have to be 
“upgraded” and a minimum set of 
standards evolved for suitable and uni- 
form quality to meet requirements of the 
chemical industry. 


Pump Manufacturers’ Analysis 
of Development 

Of great interest to the pump manu- 
facturer is the scope of the B-73 Com- 
mittee + report (which defines the ex- 
tent of the activities for this Committee) 
and especially the part that con- 
cerns dimensional interchangeability. 
A simple example of the problem 
involved is best illustrated in the 
electrical industry, in which the dimen- 
sions of a 5-hp., 1750 rev./min. motor 
of major manufacturers are all the same 
and can be interchanged without any 
difficulty. The internal construction of 
the motor varies slightly, depending 
upon the particular manufacturer’s 
engineering and manufacturing ability. 

Dimensional interchangeability for 
pumps means that for any particular 
head and capacity range all manufac- 
turers would offer a pump that dimen- 
sionally would be interchangeable with 
pumps made by other pump manufac- 
turers, the only variance being in the 
hydraulic and internal construction. 
This will ultimately result in a com- 
pletely new line of pumps, which will 
probably be a compromise between all 
designs, and will incorporate the engi- 
neering and quality standards that will 
evolve from the efforts of the B-73 Com- 
mittee. 

Before any pump manufacturer will 
embark on this costly program, he wil? 
investigate to the fullest extent the fol- 
lowing features : 

a. engineering and design 
b. models and testing 


+ 8-73 Committee is Subcommittee of A.S.A. 
Sectional Committee (Centrifugal Pumps for the 
Chemical Industry). 
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¢. patterns—will they be mode of wood or 
metal? 

d. tools-—will they be made for low or high 
production? 

e. printed material necessary for sales promo- 
tion, including bulletins, price sheets, and 
dimension sheets 

f. inventory of stock parts, including choice of 
materials of construction 


The above list is not a speculative 
one; these items are the actual 
ones that must be investigated and 
evaluated in any new development plan 
as a plain and simple matter of eco- 
nomics. It is estimated that designing 
the pumps necessary for the operating, 
engineering, and quality standards spe- 
cified, and completing the program will 
cost each pump company approximately 
$200,000. 

At the present time there is absolutely 
no way of knowing exactly what the 
final design of pumps suitable for the 
chemical industry will be. That investi- 
gation and decision rest with the A.S.A. 
Sectional Committee B-73. 


Responsibility of Chemical industry 


If the pump manufacturers are to 
proceed with the redesign of pump units 
and base their engineering design on the 
“upgraded” evaluation of the mechani- 
cal and quality standards, then it fol- 
lows—and rightly so—that the chemical 
industry will have to assume a dual re- 
sponsibility or co-sponsorship in the sup- 
port of this over-all program. 

Judging by previous experience, a di- 
vergence of opinion exists in the chemi- 
cal industry concerning the various as- 
pects of a centrifugal pump. From the 
pump manufacturer’s viewpoint, these 
differences of opinion between chemical 
companies, between departments within 
the same chemical company, and be- 
tween plants within the same chemical 
company must be resolved so that there 
will be a singleness of purpose in the 


it is the responsibility of the pump 
manufacturer to produce pumps with 
adequate hydraulic and mechanical de- 
sign at a level desired by the user 
Also, the pump must be assembled 
properly with good workmanship and 
materials of construction. 
It is the responsibility of the pump user 
to: 
(a) install pumps properly. 
(b) operate them within the limits de- 
termined by the pump manufacturer. 
(c) maintain them in accordance with 
the manufacturers’ recommendations. 
(d) repair them properly. 

D. S. Ullock-—-Chem. Eng. Progr. 

51, No. 5, 207, (1955). 
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The photographs of base and close-coupled 
pump mountings on this and the following page 
illustrate the author's point that the liquid end 
of the pump does not know how it is mounted 

@ fact basic to the whole concept of inter- 
changeability. 


STANDARDIZATION OF 
PROCESSING EQUIPMENT 
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far-reaching program of developing 
standards for pumps. 

In addition, one can envision an ex- 
tended period of change-over within the 


companies interested in rew pumping 
units. In new construction there should 
be no particular problem, except to con- 
vince all concerned that it will be an 
advantage from an over-all cost stand- 
point to be completely satisfied with the 
standardized line of equipment. In 
expansion of existing plants or replace- 
ment of existing units, the design and 
manufacture of a standardized line of 
pumps will not be an immediate solu- 
tion to all problems of high inventories 
or high replacement costs. There will 
still be a demand for duplication of 
existing equipment, and high costs con- 
: nected with such demands will remain. 

These high costs will continue for sev- 
: eral years and the changeover to 
standardized units will be a long and 
gradual evolution. 


Conclusions 


What, then, are the main objectives 
: for which the pump industry will be 
striving in this over-all program? 


a. Design, engineering, and quality 
standards which will be acceptable to 
consumers in all classes of industry. 

Such industries include: 


. chemical 
2. industries pumping the chemicals manufac- 
tured by chemical industry 

3, paper 

4. petroleum 

5. electroplating 

Interchangeability of the liquid ends 
—or pump ends-—between the frame- 
mounted and close-coupled construc- 
tion, Quantity production of the liq- 
uid ends—or pump ends—in order 
to justify the initial investments in 
pattern equipment, tools, and inven- 
tory of stock parts, required for low 
manufacturing costs. 

c. Developing standards for end-suc- 

tion, single-stage centrifugal pumps 

which will be acceptable in every re- 

spect to all classes of industry. 


These objectives can be attained by 
close cooperation, exchange of ideas, 
and complete surveys of the needs of all 
types of industries, so that the final re- 
sult will be a set of standards that will 
be acceptable in design, construction, 
and cost to the majority of industrial 
consumers, 
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In spite of there being no readily evi- 
dent common relation between such 
diverse operations as crushing, boiling 
and dropwise condensation, and crys- 
tallization, all do represent the creation 
of new interfaces. These involve the 


formation of a nucleus, and then a 
growth process. How this concept can 
be applied to size reduction is discussed. 


Process 


Discharge of a gas 
at an electrode 


Classification 


Traditional 


Electrochemistry 
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Release of a gas from 
solution at surface of 
a solid by pressure 
reduction 


SIZE REDUCTION 


NUCLEATION 


he rapid growth of chemical engi- 

neering and its success in handling 
problems of great variety have resulted, 
in no small degree, from the develop- 
ment of methods utilized broadly in 
the fields of heat and transfer, 
and fluid flow. Among methods under 
consideration or which 
may be expected to pro 
found effect on the future of chemical 
engineering, is one which utilizes the 
concept of nucleation as applied to cer- 
tain unit operations. 

As a matter of definition, nucleation 
can be regarded as the common starting 
point which might go far in merging 
such diverse operations as crushing, 
boiling and dropwise condensation, 
crystallization, and the formation of 
sprays and emulsions. In spite of there 
being no readily evident common rela- 
tion between these operations, all do 
represent the creation of new interfaces 
which involve: first, the formation of a 
nucleus, and second, a growth process. 
This is nucleation. 

The factors governing nucleus forma- 
tion and growth are not necessarily 
identical. One would therefore not ex- 
pect the methods of dimensional analysis 
to be successful in explaining them. 

Nucleation involves the creation of a 
The physical picture of nu- 


mass 


development 
have a 


new phase 
cleation involves mechanisms which de- 
pend on the nature of the phase. Table 1 
shows how nucleation as an overriding 


Physical 


Boiling of a liquid 
on a hot surface 


Heot transfer (ebuili- 
tion) 


W. H. C. Simmonds | 


.. Formation and growth of bubble nuclei 
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PROCESS 


Dominion Tor & Chemical Company, 


Montreal, Canada 


binds together many diverse 


operations involving the generation of 


concept 


the new phase. 
The older 
processes according to the nature of the 


viewpoint classifies these 
energy producing the change, that is, 
electrical, mechanical, thermal, and 
chemical the physical me 
chanism controlling the formation of a 
gas bubble depend on the 
nature of the energy supply and, hence 
the idea of nucleation embraces all these 
examples of a single me 


However, 


does not 


processes as 


chanism (28) 


irreversibility 


Nucleation processes are irreversible 
and occur when finite potentials exist 
They cannot be reversed by infinitesi- 
mal changes For example 
vaporization of a liquid can occur re 
versibly. Production of vapor bubbles 
within a liquid by boiling is an 
versible process. Irreversible processes 
produce final results which depend on 
the order in which the change is car 
ried out compared with reversible proc- 
esses which are independent of the order 
of change. For example, in size reduc- 
tion a hard blow will fracture a solid. 
The fracture once started cannot be re- 
versed and the final shape of the frag- 
ment depends upon the point where the 
fracture began. However, if a sufficient 
number of crystals are fractured, a de 
finite particle-size distribution pattern 


in potential 


irre 


Table 1.—Methods of Classifications of Various Processes 


Chemical 


Decomposition of a 
liquid into a gas by 
a metol 


Evolution of o gas by 
solution of o metal 


Inorganic chemistry 


ow < 
| 
q 


Table 2. 
ACTUAL PROCESS 


Ideal irreversible 


potentials retained 

geometry simplified 

rate of change—finite 

result dependent on order of operations 


will emerge. Similar arguments hold 
the same as obtained for the formation 
of bubbles, drops, crystal nuclei, etc. 

A single event is not reproducible, 
but when a sufficient number of events 
is considered, the statistical nature of 
the irreversible change becomes more 
apparent. In irreversible processes ma- 
terial and energy balances become sta- 
tistical statements also, and take the 
form shown in Equation (1). 


(1) 


An energy balance made on a system 
undergoing change will exhibit a sta- 
tistical form showing the percentage of 
energy which is retained by the matter 
in each of the size grades. 

In an irreversible process the energy 
balance cannot be written by the simple 
equation (8) 


W = BE, +Q. 


An additional term must be added to 
cover the irreversible nature of the 
process. Thus, the entropy of the sys- 
tem is the sum of the entropies of its 
parts that can change by two mechan- 
isms (14): 
1, interaction with the surroundings 
2. changes within the system 
That is, dS = d,S +d,S wherein sub- 
script ¢ refers to the external portion of 


the system and i refers to the internal 
portion, 


M = m, + m, + . = im, 


If heat is absorbed by the system from 
its surroundings at an absolute tempera- 
ture, 7, then 

= dQ/T 

If the changes are conducted reversibly, 
dS = 0; if they occur spontaneously, 
dS 0, and the system and the sur- 
roundings cannot both be returned to 
their original states. In all practical 
problems dS 0, so that dS >d,S > 
dQ/T and 

dS dQ/T +4,S 

This means that energy is liberated 
within the system during the irrever- 


sible change and must be included in 
the energy balance, so 


W+ Ey, = E,+Q (2) 
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Reversible 


potentials eliminated 

geometry retained 

rate of change—nil 

result independent of the order of 
operations 


The practical consequences of this are 
twofold. Efficiencies are given by 
E,/(W + E,,) and not by E,/W, and 
although the term E,, would seem to be 
numerically small compared with W, 
yet in the case of size reduction it may 
well be of the same order of magnitude 
as £,, the useful surface energy pro- 
duced.+ Calculations or experimental 
determinations of E,, would be of con- 
siderable interest to see how important 
this term is. 


The ideal irreversible Process 


A standard of reference for irrever- 
sible changes should be established be- 
cause the absolute efficiency of such 


processes, as evaporation, distillation, 
etc., is very low by the standards 
of classical thermodynamics. It should 


be possible to construct an_ irre- 
versible process where only the essen- 
tials have been retained (that is, the 
potentials or driving forces in the origi- 
nal system must be retained since they 
are the origin of irreversibility.) The 
geometry of the system should be 
postulated as the simplest possible to 
permit the process to occur. The scheme 
(see Table 2) represents a comparison 
of an ideal irreversible process with a 
reversible process. Note that the re- 
versible process depends on only the 
initial and final states of the system. It 
is independent of the order in which the 
changes are carried out, independent of 
the size and shape of apparatus, and of 
the rates of change. 

An ideal irreversible process does, 
however, contain finite potentials, rates 
of change, and the effect of the order 
of operation. It contains these in a sys- 
tem employing the simplest possible 
geometry. Such would serve as the base 
comparison for machines and show the 
loss of efficiency due to running the 
process at a finite rate. 

The difference between the reversible 


tA similar case recently has been established 
in the falling rate period of drying where the 
transfer of a numerically negligible quantity of 
heat has been found to control the temperature 
of the drying solid and hence the temperature 
driving force (29). 
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process and the ideal irreversible proc- 
ess gives the loss in efficiency by con- 
ducting the process at a finite rate; this 
loss is unavoidable. The difference be- 
tween the ideal irreversible process and 
the performance of an actual machine 
shows the additional losses due to im- 
perfections in the design of the machine 
and hence the scope for improvement. 
It is clear that such a division of the 
losses would be of great help to chemi- 
cal engineers. 


Example—ideal Irreversible Process 


An example where this approach is, 
in effect, already being employed is fluid 
flow through a pipe. The simplest case 
is that of a Newtonian liquid flowing 
isothermally through a perfectly smooth, 
circular pipe of infinite length. Under 
these conditions the properties of the 
fluid and the flow conditions are com- 
pletely specified. This establishes a 
standard in terms of which the flow 
through rough pipes of finite length and 
the effect of entrance and exit condi- 
tions can be measured. 

The question then arises as to 
whether there is an ideal irreversible 
process or a whole series of them de- 
pending on the model chosen. This can 
be answered only by a complete analy- 
sis of liquids with various properties 
flowing through conduits of differing 
sizes and shapes, by the methods of ir- 
reversible thermodynamics (6, 7, 25). 
Such an investigation might lead to 
the establishment of criteria for the 
choice of ideal irreversible processes, 
criteria which are not obvious at the 
present time. In the meantime, stan- 
dards such as the one given above for 
fluid flow and the one suggested below 
for size reduction seem to afford pro- 
fitable starting points. 


Size Reduction 


Crushing and grinding is an operation 
of immense practical importance but 
one of the less satisfactory items in the 
chemical engineering repertoire. The 
present status has been reviewed by 
Piret (24). Progress is being made in 
the practical applications (4), but the 
basic problem of why so much energy 
produces so small a result remains. 

The ideas presented above suggest a 
new approach to this problem and this 
is discussed from both the experimental 
and theoretical points of view. 


EXPERIMENTAL APPROACH 


In recent years experimental studies 
of size reduction have been made and 
methods for analyzing the product have 
been greatly improved, but the position 
in regard to the energy balance is much 
less satisfactory. So far as the author 
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knows, the four quantities involved— 
the work input, the heat evolved, the 
increase in surface energy, and the en- 
ergy liberated within the system—have 
never been measured for the same ex- 
periment. 

It might be possible to do so in the 
case of Prince Rupert's drops—drops of 
molten glass solidified by sudden 
quenching and in such a state of locked- 
up stress that they disintegrate under 
the lightest touch. A_ disintegration 
could be carried out in a calorimeter in 
this case since the mechanical work 
input required is small.t Only by keep- 
ing the value of W as small as possible 
does it seem feasible to measure the 
order of magnitude of E,, from the sum 
of the terms (E, + OQ — W) (cf. 26). 

If carefully conducted, this experi- 
ment should show that the release of 
internal energy may play an important 
part in fracturing. It underlines Bond’s 
(4) contention that size reduct‘on in 
practice includes every operation from 
drilling and blasting the rock onwards, 
i.¢., any stresses left in the ore or intro- 
duced in processing will influence its 
behavior during the subsequent crushing 
and grinding. 

The next point is the kinetics of size 
reduction. Looked at from the nuclea- 
tion viewpoint, size reduction is a proc- 
ess in which crack nuclei are formed 
and the cracks then grow to form cleav- 
age surfaces. The rate-controlling step 
may therefore be either the formation 
of the crack nuclei or the growth of the 
fractures. However, there is little ex- 
perimental data for this kind of analysis 
except in the case of glass (22, 27). 

The conclusion is that there is room 
for some different kinds of experi- 
ments for a fuller understanding of size 
reduction. 


THEORETICAL APPROACH 


The idea here is to treat the forma- 
tion of crack nuclei as an activated rate 
process and the resulting subdivision as 
an energy distribution problem gov- 
erned by the physical properties of the 
solid applied to the model termed the 
ideal irreversible process. The ideal ir- 
reversible process proposed for size re- 
duction is: 


a. to stress instantaneously the original par- 
ticles independently under constraint beyond the 
point of failure. 

b. to release the constraint instantaneously, 
and to allow the system to reach equilibrium 
in its new state at the initial temperature 


This separates size reduction into two 


t If size reduction occurs in vacuo, the energy 
liberated during the formation of clean, fresh 
surfaces would be measured; usvally o gas or 
liquid is present and the energy change will 
then include the heat of wetting of the freshly 
formed surfaces. 
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essential and independent steps: energy 
transfer from an external source to the 
solid, and the subsequent fracturing 
process within the solid. 


1. Material Balance 


The statistical material balance Equation 
(1) is 


kpL* = a,k,p,d,* + ak pd,’ + (3) 


For a homogeneous solid, the shape of 
which is independent of particle size, and 
a product which is analyzed in a series of 


size grades following a \/ 2 scale, Equation 


(3) reduces to 

D\* 
P= ( =e,+e,:-2” 

d, 

(4) 

In words, the reduction ratio, r, a dimen- 
sionless ratio, is equal to a set of coeffi- 
cients governing the size distribution and 


the problem becomes one of determining 
the values of these coefficients 


2. Energy Balance 


The change in energy of a cube of side 
D subdivided into a number of cubes of 
side d is 


E, = +- + 12De, Be, (5) 


E,= ( +- 6d"e, +-12de, +- (6) 
a} 


so that 
E,—E, = 0 + 
1 


in which «¢,, «, ¢ and «, refer to the energy 
per unit volume, unit surface, unit edge 
and corner respectively and are in different 
units accordingly 

Equation (7) shows that there are four 
terms to be considered. The first term 
dealing with the internal energy of the 
solid shows zero change for a perfectly 
elastic solid, but there is increasing evid- 
ence that deformation of the solid occurs 
(1, 11, 12). The second term represents 
Rittinger’s law, namely that the power 
consumption is proportional to the fresh 
surface area produced, and the third and 
fourth terms refer to the increase in edge 
energy and corner energy, respectively. 
Equation (7) shows that Rittinger’s law 
can only be expected to hold when the 
other terms are small in comparison with 
the second one.* This is less likely to be 
true when the particle size becomes very 
small, and when the product of size re- 
duction has stepped, irregular or hackled 
rather than plane surfaces (27). 


* Bond has shown that if a power consumption 
law intermediate between | depend. 
and surface crea depend is d, the 
total work useful in breakage is inversely pro- 
portional to the square root of the diameter of 
the product, directly proportional to the length 
of the crack tips formed, and directly propor- 
tional to the square root of the surface crea 
formed. He has shown thot this “Third Theory 
of Comminution’ gives good agreement between 
theory ond practice in commercial size reduc- 
tien (4). 
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Substituting Equations of the form (5) 
into Equation (3) to find the value of &,, 
the net energy absorbed in forming the 


new surfaces, edges, and corners, one 
obtains 

E, = [a,(d," «, «+ 12d, + Ba.) 


+ 12D + Be] (8) 


The first term in the brackets cancels for 


Assuming a V 2 pee: 
,ecomes 


an elastic solid 
sion of size groups, Equation (8) 


E, = 6d," «,(e,+ 
+... + 12d, (a, +a,°2™ 
+a,+...—1) (9) 
Since the energy liberated during the size 
reduction is also a function of the number 


and size of the particles produced, Equa- 
tion (9) can be written in the form 


w—@Q 
( d*e,,de,,¢,) 


= (E,—E,,) = 
(10) 


provided no plastic deformation occurs. 


3. Crack Nuclei 


be to set up an 
of formation of 
of the theory of 


The next step would 
expression for the rate 
crack nuclei by the use 


activated rate processes. However there 
are difficulties. Unlike such 
as chemical reactions, diffusion, viscosity, 


electrical conductivity, etc., there are two 
sources of energy available for the torma 
tion of a crack nucleus, even in the case 
of an initially stress-free solid. There is 
the thermal energy corresponding to the 
familiar temperature-dependent exponential 
term, «”*", and also the energy supplied 
from the external source which is tempera- 
ture-independent 

This problem has been tackled from the 
activated rate process point of view for 
metals (23, 33) and glass (3,5), but in 
both these fields the chief interest lies in 
the conditions which just lead to fracture, 
for example, fatigue failures and the slow 
development of cracks in glass. The results 
are therefore given in the form of the 
time required for the first crack or flaw 
to form and continue to grow. The condi- 
tions are very different in size reduction 
in which a large excess of energy above that 
required to produce a single crack is 
applied, and it is possible that under these 
conditions a simpler form of expression 
for the rate of formation of crack nuclei 
can be derived 


4. Subdivision 


Given the number of crack nuclei formed, 
the problem is to determine the number 
and size of the particles formed consistent 
with the energy balance, Equation 10, and 
the physical characteristics of the solid, 
i¢., to select from all the mathematically 
possible modes of subdivision those which 
are physically permissible. In the case of 
crystalline materials, fracture is known to 
occur along certain crystallographic planes 
(the [100] plane in the case of the alkali 
halides) but for nonerystalline materials 
such as quartz and glass the fracture is 
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not crystalline in accordance with their 
nonregular structure (23). A _ solution 
therefore requires more data on modes of 
splitting, i.¢., of the shape of the products 
of size reduction as well as the particle- 
size distribution and the surface area. 


Discussion 


If there were no physical restrictions 
on the ways in which subdivision oc- 
curs, Equations (4) and (10) could be 
solved by summing all the mathemati- 
cally possible modes of subdivision with 
the minimum assumption that they are 
all equally probable. This would be 
difficult, and attempts have been made 
to simplify matters by applying the 
methods of mathematical and physical 
statistics (1/5). For example, Epstein 
(10) has shown that the assumptions of 
constant probability of breakage and of 
distribution of weight of particles in a 
single breakage event, both independent 
of particle size, lead to the logarithmico- 
normal size distribution. Griffiths (13) 
went a step further by applying the 
methods of statistical mechanics and 
derived the Rosin-Rammler equation, 
Gaudin's law, and the log probability 
relation on the assumption that the dis- 
tribution obtained would be the most 
probable one. No proof was given that 
this condition holds for irreversible 
processes and he also ignored the en- 
ergy liberated within the system during 
the change. The basic ideas of chemical 
kinetics and thermodynamics are being 
applied to size reduction by Hiittig and 
Theimer (17, 18, 19, 20, 2). Their at- 
tack on the problem follows from the 


realization that size reduction represents 
a balance between a crushing and 
grinding action and a sintering and 
agglomerating action. Their develop- 
ment is based on the formal analogy of 
this with chemical kinetics, and they 
have suggested a number of ways of 
analyzing the performance of crushing 
machines.** It will be seen that these 
treatments, whether mathematical or 
physical analogies, are equivalent to re- 
stricting the values of the coefficients, a, 
in Equation (4). 


Cenclusions 


The question then arises as to what 
practical conclusions can be drawn from 
the nucleation approach. The answer 
seems to be to use rate process theory 
to find the conditions of maximum “brit- 
tleness” of the substance to be ground, 
i.e., to see how the constants of the rate 
equation change under different condi- 
tions and to use this information to re- 
duce power consumption. For example, 
the effect of temperature is known to 
be important, eg., in the brittle and 
notch-sensitive behavior of certain 


** The fact that different processes follow 
the same kinetic low does not necessarily mean 
that they possess the same mechanism. It is un- 
likely that radioactive decay, first-order chemical 
reactions, and certain size reductions proceed by 
the sams mechanism despite their mathematical 
similarity. The experimental evidence adduced 
is open to criticism since sieving was used to 
determine particle-size distributions (16), and the 
reproducibility and accuracy of the constants in 
the theory have not been shown. 


steels (23), and in the case of natural 
rubber which becomes brittle at low 
temperatures. Surface conditions affect 
the strength of glass (30) and are 
claimed to have effects with other sub- 
stances (2, 9, 21), while the develop- 
ment of internal stresses by heat treat- 
ment is commonly used to facilitate the 
grinding of quartz. These possibilities 
deserve reexamination. 


Lod 


The author is indebted to D. W. Oakley 
and J. C. Gartshore for their helpful com- 
ments, and to Professor Burstall, Kings 
College, Newcastle-on-Tyne, England, for 
his encouragement. 


D = initial size of particles 

d, = particle size after size reduction 

= energy 
E,, = energy liberated within system as re- 

sult of an irreversible change 

E, = surface energy 

k = shape factor 

M = initial weight of matter 
m, = weight of matter in size grade i 
Q = heot evolved 

r = reduction ratio 

S = entropy 

T = absolute temperature 

W = external work done on system 

a, = number of particles in size grade i 
= energy/unit volume 
€, = energy/unit surface 
€, = energy/unit edge 
€, = energy/corner site 

p = density 
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The basic types of jet propulsion devices in use today— 
ramjet, pulsejet, turbojet, propellerjet and rocket—are 
briefly discussed. The successful operation of each of these 
power plants is centered on precise control of many opera- 
tions, many of which are more familiarly known to the 
chemical engineer under the generic term of unit opera- 
tions. With the rocket motor as a specific example, the 
problems associated with fluid flow, flow through orifices, 
thermodynamics, heat transfer, combustion kinetics, igni- 
tion, exhaust gas disposal, and materials selection are 
described. Finally, it is shown that the principle employed 
in jet propulsion may offer interesting possibilities for 
the manufacture of chemicals involving certain types of 


Mrection Fuel 


{ Qight 


igh-speed jet propulsion is a success- 

ful development of scientific technol- 
ogy, yet the number of unsolved prob- 
lems attached to jet propulsion are tre 
mendous. Although it is true that many 
of these problems are associated pri- 
marily with the mechanical and aero- 
nautical engineers, what may be a sur- 
prisingly large number are directly asso- 
ciated with the chemical engineer. This 
fact is presently overlooked by many in 
the field of chemical engineering 


Jet Propulsion 


In accordance with various texts on 
the subject, jet propulsion is defined as 
a means of locomotion whereby a reac 
tion is imparted to a device by the 
momenta of ejected particles. The 
fundamental principle of any jet pro- 
pulsion device was formulated by Sir 
Isaac Newton in 1687; that is, action 
equals reaction 

Essentially, there are two types of jet 
propulsion: ducted propulsion and 
rocket propulsion. Ducted propulsion is 
a process wherein the ambient fluid is 


ducted into the device and accelerated 


Str eamiined 


JET PROPULSION 
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Migh velocity 


exhaust jet 
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to greater momentum, either by me 
chanical or thermal means, and then 
exhausted. Rocket propulsion, on the 
other hand, is a system in which all 
the matter is stored within the device 
ejection Obviously, by 
propulsion 


prior to its 
definition, ducted 
passes a much larger variety of devices 
than does rocket propulsion. 


encom 


RAMIJET OR ATHODYD 


The simplest, schematically, is the 
ramjet or athodyd shown in Figure 1 
(In the event that the ambient fluid or 
operating medium is water, this device 
is known as a hydroduct). Ambient air 
enters and has its velocity energy con- 
verted to static or ram pressure by 
means of a diffuser. It 
the combustion section wherein fuel is 
continuously in air and the 


passes into 


burned 
heated gases are ejected at high ve- 
locity at the rear of the duct to form 
a jet. This device is continuous firing, 
operating with a continuous flow of ait 
It operates at a relatively low chamber 
pressure and its performance is con- 
tingent on the ram pressure of ambient 
air. This latter condition implies that 
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it is inherently a high-speed device; in 
fact it is estimated that a minimum of 
300 m./hr. is required to operate sub- 
sonic ramjets. 


PULSEJET 


pulsejet works intermittently. 
Typical of this device are the aero- 
pulse (for air) and the  hydro- 
pulse (for water) ; the general function- 
ing is shown schematically in Figure 2. 
In the forward end of the duct are 
valves opening inwardly against spring 
pressure. In flight, air is forced into 
the duct by ram pressure forcing the 
valves open. Fuel is supplied into the 
combustion chamber and the fuel-air 
Fig. 2. Operating cycle of puleciet. Fig. 4. Schematic diogrom of turbojet. mixture ignited with a spark plug or 
other device. Combustion pressure closes 
the valves and the air and combustion 
products are ejected from the duct. 
This reduces the pressure in the cham- 
ber and allows ram air to open the 
valves and restart the cycle. The fre- 
quency of the firing is dependent upon 
the natural frequency of the duct. The 
German V-1 “buzz bomb” was powered 
by a pulsejet. Figure 3 is an exterior 
view of two different size pulsejets de- 
veloped at Reaction Motors, Inc. 


TURBOJET 


The turbojet is a slightly more com- 
plex duct system. This device, illus- 
trated in Figure 4, does not depend 
upon ram air for its operation; how- 
ever, the ram air does affect its per- 
formance. The air entering the unit is 
Fig. 3. Exterior view of pulsejet. compressed by an air compressor, 
and passed into a combustion chamber 
where it is heated by combustion with 
a fuel. The products are expanded 
through a turbine and then discharged 
at a high velocity through a nozzle. The 
turbine, of course, is used to drive the 
compressor. The specific fuel consump- 
tion of this device is lower than that of 
either the ramjet or pulsejet. 
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PROPELLERJET 


A modification of the turbojet is the d 
propellerjet, illustrated in Figure 5. 
General operation is quite similar to the 
turbojet with the exception that the 
gas turbine, besides driving the com- 
pressor, also drives propellers. This sys- 
. tem produces higher operating efficien- 
idizer Pump cies at lower velocities than does the 

>. 


turbojet. 
- It should be emphasized that the 


picture of the various types of duct 
propulsion just given is very much 
Fig. 6. Schematic of typical liquid rocket engine. oversimplified. 
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ROCKET 


Rocket propulsion is a system 
wherein the matter to be ejected is 
stored within the device. The pro- 
pelling action of a rocket motor is de- 
rived from the generation of a large 
quantity of gas by the chemical reaction 
of suitable propellants within the rocket 
motor. Figure 6 is a diagram of a typi- 
cal liquid propellant rocket motor. The 
flow sheet of this device can be followed 
thus: 


A small amount of pressurizing gas is 
used to prepressurize the fuel and oxidizer 
tanks as well as the propellant (hydrogen 
peroxide in this case) to drive the gas 
turbine. To start the system, a valve is 
opened which allows the hydrogen peroxide 
to pass through a regulator to a catalytic 
decomposition chamber ; the hot gases pro- 
duced are expanded through the turbine 
which, in turn, is used to drive the fuel 
and oxidizer pumps. The fuel and oxidizer 
pass through their respective regulator 
valves into the rocket combustion chamber 
where they are ignited. The combustion 
products now at relatively high tempera- 
tures and pressures are subsequently ex- 


panded through a DeLaval-type nozzle 
(converging - diverging), producing the 
thrust 


Pressures produced by the combus- 
tion process are governed by the chemi- 
cal characteristics of the propellants, 
the rate of consumption, and the cross- 
sectional area of the nozzle throat. The 
function of the nozzle is to convert the 
chemical energy of the propellant gases 
into kinetic energy. 


Figure 7 shows the 6,000-Ib.-thrust 
engine of Reaction Motors which was 
designed, developed, and built for use in 
the Bell Aircraft experimental rocket air- 
plane. This engine, employing alcohol and 
liquid oxygen as propellants, successfully 
powered the Bell X1 at speeds in excess 
of 1,600 m./hr. The engine consists of four 
1,500-Ib.-thrust cylinders capable of indi- 
vidual or simultaneous operation. Figure 8 
illustrates the engine installed in the Bell 
aircraft. To illustrate the power of the jet, 
Figure 9 shows a small “gopher” hole 
which was produced by a 30-sec. firing of a 
6,000-Ib.-thrust engine at an angle of 30 
degrees downward. 

In comparison with the liquid rocket 
motor, the solid rocket motor is relatively 
simple. It consists of a simple cylinder 
filled with a solid charge of fuel and 
oxidizer which when ignited produces high 
pressure gases which are, in turn, ejected 
through a DeLaval nozzle (see Figure 10) 


In addition to these basic types of jet 
propulsion devices, there are other de- 
vices known in the jet propulsion field 
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Fig. 7. RMI 6000-Ib. thrust unit 


such as the ramrocket or the turbo- 


rocket, but they are merely modifications 
or combinations of the basic systems 
and therefore will not be 
here. 

Each of the propulsion systems con 
sidered employs the same basic prin 
ciple of operation, namely the conver 
sion of chemical energy to kinetic en- 
ergy; each employs a combustion proc- 
ess as the source of chemical energy 
coupled with a mechanical device, 
whether it is a turbine or merely a 
DeLaval nozzle, to convert this chemi- 
cal energy into kinetic energy or me 
chanical energy. To the chemical engi 
intriguing 


considered 


neer, perhaps the more 
power plant is the rocket, for with this 
system an entirely new set of problem: 
is presented with each change in propel 
lant combination. In the ducted pro 
pellant systems at least one of the com 
ponents, the oxidizer, is fixed, 


Rocket Engine as @ Unit Process 


If one looks at the over-all rocket 
propulsion system, one can see that it 
can easily be considered a unit proces 
involving a variety of unit operations 
It is true that the oxidation of hydro 
nitric acid is generally 


relatively 


carbons with 
considered to be a 
process; however, for propulsion sys 
tems, this becomes a critical unit process 
involving precise control of many of the 


simple 


unit operations involved 
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Fig. 9. Hole from 6000-Ib. thrust engine firing. 
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FLUID FLOW 


Consider, for example, the perform- 
ance obtainable from the propellant com 
bination, white fuming nitric acid and 
JP-3. (JP-3 is a hydrocarbon fraction 
something like kerosene.) In Figure 11 
the performance of this system is plot- 
ted as a function of mixture ratio meas- 
ured in a 500-lb.-thrust motor operating 
at 700 \b./sq.in.abs. chamber pressure 
(1). Here it can be noted that the 
specific impulse, defined as the pounds 
of thrust available per pound per second 
of propellant flow, varies markedly with 
the ratio of oxidizer to fuel, WFNA to 
JP-3. The need for precise control of 
the ratio of oxidizer to fuel in the com- 
bustion process is obvious. Performance 
and thrust level are also a function of 
the combustion pressure (see Figure 
12); hence one sees the need of con- 
trolled rates of flow as well as the con- 
trol of the ratio of flow of propellants. 

Controlled flow rates alone, however, 
do not produce high performance ; there 
is the additional problem of combustion 
efficiency, a parameter much affected by 
the method of injection of propellants. 
Here is a basic unit operation, the char- 
acteristics of which vary with every pro- 
pellant combination and operating con- 
dition. Consider, for example, a few of 
the questions which face the rocket 
scientist daily. Should the injector be 
designed for efficient liquid-phase mix- 
ing or gas-phase mixing? What type 
of injector should be used when one 
propellant is an extremely low boiling 
liquid, such as oxygen, and the other a 
relatively high boiling liquid such as 
aniline? Which type of injector induces 
most efficient combustion—impinging 
jets, like-on-like, shower-head, cone 
spray, or any other type which is avail- 
able. How does one successfully scale- 
up an injector satisfactory in a 5,000-Ib. 
thrust engine for a 50,000-Ib.-thrust en- 
gine? Unfortunately, there are no sim- 
ple answers to these questions, for after 
many years of research many still re- 
main unanswered. 


COMBUSTION KINETICS 


If the assumption is made that the 
desired flow rates are obtained and a 
somewhat suitable injector has been de- 
signed, there remains another important 
parameter untouched, that of combus- 
tion kinetics. Thus far clairvoyance 
seems to be as successful in this regard 
as engineering. The problem of limited 
space in the missile or vehicle is ever 
present and therefore it is imperative 
that the reaction be accomplished in 
the smallest possible space. Thermody- 
namics indicate how much energy is ob- 
tainable from a system, free energy 
data will tell if the reaction will occur, 
but who can predict exactly how it will 
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go or how fast it will go? As generally 
known, the kinetics of the relatively 
simple combustion of methane and air 
has been studied for over a decade, but 
the results are still a subject of study 
and publication. How much more com- 
plicated is the kinetics of a gasoline- 
white fuming nitric acid combustion 
process? Even if this question were 
solved, the job has just begun, for in 
rocket propulsion one is faced with not 
only one propellant combination but any 
number of combinations of various fuels 
and oxidizers. Combustion kinetics, 
when viewed in the light of the prob- 
lems yet to be solved, appears to be 
virtually untouched despite the numer- 
ous scientists now engaged in this field 


HEAT TRANSFER 


If it is conceded that a propellant is 
available which gives a high perform- 
ance in a_ practical chamber, 
what then are the requirements of this 
container? To understand this problem 
a little more clearly, a look at the basic 
requirements for a good propellant com- 
bination is desirable. Figure 13 contains 
a few basic equations which apply to 
the rocket motor such as: 


WC 
q 


size 


Thus the thrust is directly proportional 
to the flow rate and the effective ex- 
haust velocity. This exhaust velocity 
can be calculated from the relationship 


‘2gk(R) Pe \+—! 
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where R = 


k—-1 M 


Analysis of these two relationships re- 
veals that the exhaust velocity is di- 
rectly proportional to the square root 
of the combustion temperatures and the 
reciprocal of the average molecular 
weight of the exhaust gases M. It also 
increases with the expansion ratio (Pc/ 
Pe) and with a decrease in the specific 
heat ratio; however, the effect of the 
latter two parameters is only of minor 
importance. 

It is obvious, therefore, that the 
search for high performance propellants 
leads to combinations resulting in high 
combustion temperatures. Figure 14 
contains a list of propellant combina- 
tions together with their calculated com- 
bustion temperatures with liquid oxygen 
as the oxidizer. These high tempera- 
tures, of course, lead to the problem of 
heat transfer in the combustion cham- 
ber and the nozzle throat area. 
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Figure 15 shows a curve of the heat 
transfer data obtained by Zucrow and 
Beighley (2) for the JP-3-WFNA 
system as a function of mixture ratio. 
These data were obtained on the system 
operating at 700 lb./sq.in.abs. chamber 
pressure. The curves show the heat 
transfer in the nozzle section, the cham- 
ver section, and the over-all heat trans- 
fer. Maximum values at the throat were 
between 5 and 6 B.t.u./sec./sq.in. In this 
case, since it was an experimental 
chamber, water was used as the heat 
transfer medium, however, in actual 
operations attempts were made to em- 
ploy one of the propellants as the cool- 
ant in what is known as a regenera- 
tively cooled motor. Figure 16 is a 
typical example of the damage to a 
rocket chamber and nozzle as a result 
of malfunction or improper heat dissi- 
pation to the coolant. 

Many means are employed to over- 
come the heat transfer problems such 
as the use of ceramic or other type 
liners, transpiration, or “sweat” cooling, 
wherein part of the coolant is bled into 
the combustion chamber through porous 
walls, and so forth. It is a simple matter 
to visualize the difficulties of measuring 
heat transfer coefficients of 100% nitric 
acid at its boiling point, or the heat 
transfer coefficient of some other equally 
nasty material under similar conditions. 


IGNITION KINETICS 


But suppose the problems of heat 
transfer, flow rate control, and combus- 
tion kinetics were solved, how does this 
monster get fired up in the specified 
time required? This time may vary 
from a fraction of a second to a few 
seconds depending on the size of the 
motor and its intended use. There are 
means at one’s disposal such as a squib, 
i.e., a powder charge which is set off 
just prior to propellant flow, or the use 
of hypergolic mixture, i.e., a propellant 
combination which ignites spontaneously 
upon mutual contact, or a spark plug, 
or some other device. Whatever the 
source, ignition delay is of utmost im- 
portance. One can readily realize the 
importance when the following example 
is considered. 


Example 


Suppose a 50,000-Ib.-thrust engine with 
a propellant combination is to be operated 
with a 250-sec. specific impulse; this re- 
sults in a propellant flow rate of 200 Ib./ 
sec. to the combustion chamber. Obviously, 
a second delay in ignition could result 
in an explosion of 200 Ib. of an extremely 
energetic combination. Actually, ignition 
must be obtained in the order of a 100 
msec. or less to prevent disastrous results 


Figure 17 is a typical example of what 
in rocket parlance is known as a hard 
start. 
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Fig. 12. Average theoretical performance of octane oxidized by WFNA. 
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Fig. 13. Performance relationships for rocket engines 
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Fig. 14. Calculated chamber temperotures for various propellant 


combinations using liquid oxygen as oxidizer 
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Fig. 16. Rocket chamber burnout 
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Fig. 17. Chamber damage due to hard start. 


PUMPS AND MATERIALS 


Only the combustion end of this unit 
process has been discussed here. What 
about the other unit operations involved 

the development of high-speed pumps 
for propellant flow, pumps which must 
operate with extremely corrosive mate 
rials such as white fuming nitric acid 
or high vapor pressure materials such 
as liquid oxygen? The selection of 
gasket materials, sealants, lubricants, 
O-ring materials is a separate problem 
for each propellant employed. One 
problem sometimes faced is how to de- 
sign a pump feed system so that 
cavitation is avoided the mate- 
rials to be used are known to detonate 
under conditions of adigbatic compres- 
sion or under conditions more commonly 
known as “water hammer.” 

Of course, there are always the 
problems concerning the material com- 
patibility for the propellant tanks, 
valves, storage containers, and transfer 
mechanisms. The problem of extended 
storage for many of these propellants 
is sometimes extreme, The design of a 
low-loss or no-loss storage vessel for 
highly corrosive and toxic low boiling 
liquids is a problem which had to be 
solved before some of the high energy 
propellant combinations could be util 
ized, 


when 


Fig. 18. 


Instrument and control panel. 
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DISPOSAL PROBLEMS 


Then again, the problem quite com- 
mon to many chemical manufacturers 
is the disposal of effluent or exhaust gas. 
Of course, with some propellant com- 
binations, such as the alcohol-lox sys- 
tem, this offers no particular concern; 
however, with some propellant combina- 
tions, toxic or extremely corrosive ex- 
haust gases may be ejected from the 
chamber. This is a real problem where 
Static testing is made in areas not too 
remote from civilization or where 
launching must be made from relatively 
confined areas. 


Problem 


Assume the static firing of a 50,000-lb.- 
thrust engine with a propellant combination 
exhibiting a specific impulse of, say, 250 
sec. and the exhaust of which is toxic 
or extremely corrosive. The duration of 
the static firing is to be for 30 sec. Simple 
calculations indicate that we will obtain a 
flow rate of gases from the chamber of 200 
Ib./sec. or 6,000 Ib. of gas in 30 sec. In 
addition, by somewhat more laborious calcu- 
lations, it is found that these gases are 
moving at supersonic speeds—speeds of 
5,000 to 10,000 ft./sec., and at temperatures 
in the order of 3000° F. One can readily 
see that this is not going to be easily and 
economically solved by a simple “off-the 
shelf” spray tower. In addition, a water 
treatment plant may be required before 
disposal can be permitted 


Fortunately, this sort of problem does 
not arise every day; however, there are 
locations in existence today where dis- 
posal systems, similar in many respects 
to that just described, are required. 

For those chemical engineers inter- 
ested in instrumentation, intriguing 
problems are faced involving a variety 
of different measurements. Figure 18 
shows a panel of instrumentation re- 
quired for the static firing of one of 
the larger motors. 


SOLID PROPELLANT PROCESSING 


The chemical engineering aspects of 
propellant manufacture have not been 
touched on because these have been dis- 
cussed previously (“Small Scale Facili- 
ties for Development of Double-Base 
Propellants,” A. T. Camp, et al., C.E.P., 
52, 79-F, 1956). 


Rocket Cycle in Chemical Production 


Transgressing beyond the propulsion 
aspects of jet propulsion, one considers 
for a moment other potentials for these 
high pressure, high temperature power 
plants. It is realized that high tempera- 
tures generally enhance a reaction, un- 
less the activation energy is extremely 
low, and that certain reactions go faster 
than others. Also from free energy re- 
lationships, one knows that certain re- 
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actions are pressure sensitive. From 
previous discussion the should 
now associate high temperature and 
high pressure reactions with the rocket 
engine cycle 

Wise and Baker (1) of the Jet Pro- 
pulsion Laboratories did. In their paper 
on the “Kinetics of the Fixation of 
Atmosphere Nitrogen at Elevated Tem- 
peratures,” they pointed out that kinetic- 
ally the efficient fixation of nitrogen in- 
volves two problems: first, the residence 
time required to form a given concen- 
tration of nitric oxide from air at a 
specified temperature and second, the 
rate of cooling of the product gases re- 
quired to “freeze” the composition of 
the gas mixture attained at the reactor 
temperature. 

Calculations made by Wise and Baker 
showed that the equilibrium concentra- 
tion of nitric oxide was doubled by in- 
creasing the reactor temperature from 
2400° K. to 2800° K.; however, they 
were also quick to point out that there 
was little to be gained by this rise in 
reaction temperature unless it is accom- 
panied by a corresponding increase in 
the cooling rate of the product gases. 

They also pointed out that the appli- 
cation of the principle of adiabatic, isen- 
tropic expansion through a DeLaval 
nozzle offers an interesting possibility 
for this process. Calculations have 
shown that a rate of temperature change 
in the order of one million degrees 
Kelvin (1 « 10®° K.) /sec. is obtainable 
in the temperature region of interest to 
the problem of atmospheric nitrogen 
fixation. In other words, the thermo- 
dynamic and kinetic cycles inherent in 
rocket motor application together with 
the techniques developed in the study 
and development of the rocket engine 
are directly applicable and ideal for cer- 
tain types of chemical reactions. 


reader 


F = thrust, Ib. 

W = propellant flow rote, |b./sec. 

C = effective exhaust velocity, ft./sec. 

32 ft./(sec.) 


g or 
(sec.) 

specific heat ratio, C,/C, 

R = gas constant 

M = average molecular weight of exhaust 

products 

T, = combustion temperatures, ° K. 

Pe = chamber pressure, |b./sq.in.abs. 

exhaust pressure, tb./sq.in.abs. 

Isp = specific impulse, sec, = F/W 
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E. D. 


for the formation of 

nitric oxide from air has been the 
subject of extensive study since the 
days of the now-obsolete electric-arc 
furnaces. A new thermal process, known 
as the Wisconsin Process, has been de- 
veloped and operated on a semicommer- 
cial basis. Its furnace provides tempera- 
tures in the of 4000° F. with 
natural gas or fuel oil. Reaction is rapid 
at these high temperatures, but a high 
quench rate is imperative to capture a 
major portion of nitric oxide formed 
Results from the first semicommercial 
operation are described 


he reaction 


region 


History 


The original work on high tempera- 
ture nitrogen the 
Wisconsin was started in 
1939 at the University of Wisconsin, 
Madison, at the suggestion of Frederick 
Cottrell. At that time Cottrell, who was 
working with his associate, Percy 
Royster, on pebble heat exchangers, saw 


fixation of 
Process 
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Ermenc 


PEBBLE FURNACE 


FIXES ATMOSPHERIC NITROGEN 


the possibilities for heating air to tem- 
peratures necessary for fixation of nitro 
gen and providing a rapid chilling rate 
to prevent decomposition of the nitric 
oxide formed 

By 1942 Cottrell’s principle had been 
proven although the type of furnace used 
provided for only a few hours operation 
before becoming inoperative owing to 
shrinking and cracking of the refrac 
tories. Further experimenting with vari 
ous refractories to withstand the high 
temperature resulted in 1942 in the basic 
Cottrell patent (1), which was assigned 
to the Wisconsin Alumni Research 
Foundation. The latter then provided 
the necessary financial aid to continue 
the studies 

Subsequent work established that 97% 
MgO has the ability to withstand the 
high temperatures of a nitrogen fixation 
furnace, and later a successful furnace 
was built and operated for a short time 
By 1946 the basic principles of the 
process had been demonstrated although 
all problems had not been solved. At 
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processes 


Food Machinery and Chemical Corporation, New York 


Food and Chemi- 


that Machinery 
cal Corporation became interested and 


time 


entered into a heense agreement under 


which it had the responsibility ol com 
with 


mercially developing the 


the Foundation assisting in this work 


proc c 


Food Machinery Corporation, which 
later became The Food Machinery and 
Chemical Corporation, built and 


operated a number of unsuccessful 
pilot scale furnaces based on the fixed 
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pilot furnace which served as the basis 
for the larger furnace design. 

The U. S. Government became inter 
ested in the process, and a demonstration 
plant, designed to produce 40 tons/day 
of equivalent 100% HNOg, was con 
structed at Sunflower Ordnance Works 
near Lawrence, Kansas. This project, 
completed in April, 1953, was financed 
by Food Machinery and the Ordnance 
Corps of the U. S. Army and operated 
by Food Machinery’s Westvaco Chem- 
ical Division. 

The plant was operated until October, 
1954, when it was shut down since all 
important data had been obtained. This 
paper is concerned with the furnace 
section of the process as operated at 
Sunflower 


Kinetics 

The reaction of nitrogen and oxygen 
at high temperatures is a_ relatively 
simple one when compared with the 


cracking of hydrocarbons with the 
numerous side reactions involved. From 
a practical standpoint the reaction 
N, + O, = 2NO is straightforward al- 
though from a theoretical standpoint 
the mechanism may be in some doubt. 

The reaction is reversible and re- 
quires high temperature to form ade- 
quate quantities of nitric oxide. Equi- 
librium constants were extrapolated 
from National Bureau of Standards 
data (5). The reaction is endothermic, 
requiring 38,800 B.t.u./lb. mole of nitric 
oxide 

Kinetically the reaction can be char- 
acterized by the usual second-order rate 
equations : 


kiPwoPog ~ *2(Pwo)*® (1) 


forward 
= ko(Pwo)*? — (2) 


reverse 


dt 


Fig. 2. Final pilot furnace plan. 
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The forward reaction rate constant, k,, 
and the reverse reaction rate constant, 
ky, were developed from pilot plant 
data (3) and are shown in Figures 3 
and 4, Calculations, based on the data 
from actual operation at Sunflower, 
showed that the second-order rate equa- 
tions were sufficiently good to predict 
the nitric oxide values. 

Since sufficient time is available in 
the furnace to reach equilibrium, atten- 
tion is mainly focused on the decom 
position of nitric oxide. The rate of 
decomposition, as characterized by the 
reverse reaction rate constant, k», is 
many times greater than the forward 
reaction rate constant, k;. As a result 
extremely rapid chilling rates are re- 
quired to prevent the total decomposi- 
tion of the nitric oxide formed. If the 
nitric oxide were allowed to cool grad- 
ually, all the nitric oxide would be de- 
composed. A rapid chill to 3200° F. is 
required since the rate of decomposition 
is imperceptible below that temperature. 

The pebble beds in the furnace pro 
vide chilling rates of the order of 
30,000° F./sec., which rate captures a 
major portion of the nitric oxide. The 
equilibrium nitric oxide value in the 
Sunflower furnace was calculated to be 
approximately 2.5%, the _ resulting 
product gas, after chilling, containing 
1.8 to 1.9% nitric oxide. Thus, approxi- 
mately 25 to 30% of the originally 
formed nitric oxide decomposed even 
with the rapid chilling rates attained. 

Some attempts were made to deter- 
mine the reaction rate constants and 
equilibrium constants on the Sunflower 
furnace. Sample ports, placed flush with 
the refractory wall, were originally in- 
stalled for this work, but poor sampling 
resulted. It was deemed necessary to 
construct a sample port which could be 
inserted some distance into the area over 
the pebble beds, but little time was avail- 
able to construct a sampler tube able 
to withstand 4000° F. even for a short 
period of time. However, as noted pre- 
viously, calculations of yield based on 
pilot-plant-determined constants checked 
out very well. A curve of actual yields 
from the semicommercial unit vs. wall 
temperature is shown in Figure 5. The 
design yield was calculated to be 1.9% 
at 4000° F., which yield was closely 
approached. 


Process and Equipment Description 


The furnace shown in Figure 6 was 
designed for a nominal production rate 
of 40 tons/day of equivalent 100% 
HNOs, which required 22,000 std. cu. 
ft./min. of air. 

The air is blown into the furnace through 
one pebble and preheated to ap- 
proximately 4000°F. In passing through 
the combustion zone, raw natural gas is 
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Fig. 3. Reaction rate constant versus tempera- 
ture for reaction N, + O, = 2NO 


introduced to provide the necessary heat 
for the formation of nitric oxide and to 
compensate for heat losses. Calculated gas 
temperature is of the order of 4300°F. 
based on the measured wall temperature of 
4000° I, Approximately 2.5% nitric oxide 
is formed, and the gases pass downwardly 
through the second pebble bed acting as 
the chilling bed. At the same time heat is 
stored in the bed for preheating air in the 
second half of the cycle. Rapid chilling is 
accomplished which results in an effluent 
gas containing 18 to 1.9% nitric oxide. 
Reversal occurs when the exit gas reaches 
a temperature of 550 to 600°F. The time 
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Fig. 4. Reaction rote fant versus tempera- Fig. 5. Actual nitric oxide yield versus wall 
ture for reaction 2NO = N, + O, temperature from 40-ton/doy equivalent 100% 


for one-half cycle is 3 min. Upon reversal displacement 
of the 4-way valves, the former chilling Read Standard Corporation and powered 


bed becomes the preheat bed and the pre- by 
heat bed acts as the new chilling bed 
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pressure drop through the furnace was 4-5 


Furnace pebbles are circulated at a rate I|b./sq. in 
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American 
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storage bin through another pressure seal was 
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provided 
which was actuated by the temperature of 
the effluent gas from the furnace. To pre 
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the reversals were required to be quite 
rapid and were accomplished in 0.5 sec 
Blower discharge pressure rise on reversal 
amounted to 3 lb./sq. im. due to the 
fractional part of a second the valves were 
closed 

The furnace was a special structure 
weighing more than 400 tons, constructed 
for pressure operation of 8 to 10 Ib./sq. in. 
gauge. The approximate outside dimensions 
were 54 ft. * 21 ft. « 20 ft. The refractories 
in the hot zone were 97% MgO, the walls 
being about 4 ft. thick. The refractory roof, 
which covered both combustion zone and 
pebble beds, consisted of a suspended arch. 
Figure 7 reveals a portion of the arch 
roof and a view of the combustion zone 
showing two burner openings. The brick 
were standard 15-in. high purity magnesia 
set against spring-adjusted skewback brick. 
The brick were suspended by type 309 
stainless steel hangers set in the brick 
notches. The hangers in turn were sup- 
ported by type 304 stainless steel rods hung 
to the steel arched roof. In order to prevent 
by-passing of air between the roof brick 
and steel roof, Inconel baffles were installed 
at three points, and nickel sheet was placed 
between roof brick faces (2). Water cool- 
ing of the steel roof was provided. 

The pebble bed dimensions were 10 x 
12« 4 ft. deep. Pebbles averaged % in 
in diam. and were also of 97% MgO. Figure 
% shows a view of the pebble beds pointing 
toward the pebble feed chute. Due to the 
large surface area of the pebbles a high 
heat transfer rate was achieved between 
pebbles and the air stream. Actual values 
of the heat transfer coefficient ranged from 
10 to 1S Btw/(sec).(*F.) (ewft.) At 
such rates of heat transfer 22,000 std. cu 
ft./min. of air could be preheated from 200 
to 4000°F, in the 4 ft. of bed depth available 
To prevent by-passing of gas through the 
refractory walls, Inconel and nickel sheets 
were installed hetween each course of 
brick and welded to the steel shell. Water 
cooling of the shell was provided to protect 
the sealing sheets (4) 


The normal angle of repose of the 
diam, spherical pebbles is 33°. 
Owing to the lifting action of air in 
passing upwardly through the bed, flat- 
ter angles of repose occur up to the 
point of O° angle of repose where 
fluidization begins. The furnace was 
designed for a superficial velocity of 
200 std. ft./min. which corresponds 
to an angle of repose of 20° at operating 
temperature. Feed pebbles thus could 
flow by gravity into the pebble-bed zone 
during operation. The pebbles served 
as a seal against hot gases reaching the 
steel structure 

The time available in the combustion 
zone was 0.5 sec, whereas less than 
0.1 sec. was necessary to reach equilib- 
rium. Structural requirements for place- 
ment of burners and necessary fuel mix- 
ing and combustion time requirements 
increased the size of combustion zone. 
Chilling time approximated 0.02 sec. 
to reach the 3200° F. temperature re- 
quired. 

Eight burners were provided in the 
combustion zone, which burners were 
water jacketed. The tips of the burners 
were exposed to 4000° F. but were ade 
quately water cooled. Material of con 
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struction was 304 stainless steel. Natural 
gas was supplied at 100 lb./sq. in. gauge. 

The grates supporting the pebble beds 
were of 304 stainless steel and were 
installed at a 20° angle with the hori- 
zontal to provide a uniform pebble-bed 
depth. Each grate assembly weighed 
10 tons. 


Controls 


The reversal or cycling of the process 
gas was automatically controlled by two 
electronic recording potentiometers, one 
controller for each bed. Each controller 
had three thermocouples in parallel in 
the exit ducts, and the electrical circuits 
were such that any one of the three 
thermocouples would operate the con- 
troller. Either one of the controllers 
was able to function for both pebble 
beds in case of malfunction of one con- 
troller and also to allow servicing. 

Alarms were interlocked into the cir- 
cuits such that if the gas temperature 
rose 50° F. beyond the set point, due to 
failure to reverse, an alarm was actu- 
ated. If the temperature continued to 
rise 50° F. more, another interlock shut 
down the main blower and closed the 
fuel gas valve. To provide emergency 
power, a diesel motor-generator set was 
available. 

Temperature in the combustion zone 
was checked hourly with an optical py- 
rometer, and fuel gas input was man- 
ually controlled on the basis of these 
readings. 

A multipoint timer controlled the 
valves which allowed pebbles to enter 
and exit the furnace. A multiple-valve 
system was used, operated by hydraulic 
cylinders. Cycle time was approximately 
5 min. 

Condensate grade water was utilized 
for the cooling of furnace elements ex- 
posed to high temperature and it was 
extremely important to have water flow 
at all times to prevent burn-outs. The 
condensate cooling system was captive, 
and a pressure switch on the pump dis- 
charge provided for diversion of city 
water from an elevated water tank in 
case of low pressure or pump failure. 


Operation Notes 


During operational periods little 
downtime was experienced. However, 
faults in original design were apparent, 
of which some were corrected on the 
spot and others on subsequent installa- 
tions. The major points of trouble can 
be summarized as follows: 


1. combustion 
2. pebbles 
3. grates 


The combustion zone or open part of 
the furnace was approximately 35 ft 
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long by 12 ft. wide and averaging ap- 
proximately 4 ft. in height. Fuel usage 
amounted to 14,000,000 B.t.u./ton of 
equivalent 100% nitric acid. Design 
actual velocity through the combustion 
zone was approximately 50 ft./sec., and 
it was expected that little trouble would 
be experienced with combustion in a 
4000° F. chamber. However, mixing 
time proved to be quite important, and 
design throughput was not attained. At 
a velocity of around 40 to 45 ft./sec., 
the flame licked at the surface of the 
pebbles resulting in sore reduction and 
deposits of carbon in the bed. Yields 
of nitric oxide dropped owing to the 
reducing action of carbon. The only 
remedy at the time was to reduce air 
flow below the critical point. Either 
one or several of the various corrective 
possibilities, including the following, 
would likely be successful for the 
future: 


1. redesign burners to reduce flame length. 

2. increase length or area of combustion zone. 
relocate burners to obtain maximum use of 
combustion zone. 


Screening of pebbles was performed 
by a trommel-type screen, which later 
proved to be inadequate. An emergency 
shutdown was experienced after about 
five months of operation which was her- 
alded by extremely rapid reversals of 
approximately 10-sec. duration. The 
rapid reversals indicated by-passing of 
the pebble beds resulting in little heat 
pick-up by the pebbles. Upon entry into 
the furnace, after a suitable cooling pe- 


Fig. 8. Pebble entry into furnace. 
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riod, large agglomerated chunks com- 
posed of chips and fines were found in 
the bed. The collapse of a large chunk 
had provided a channel for the hot 
gases to pass through, and damage to 
the grates was apparent. Fines and chips 
were noted also in the feed entry chute 
indicating rather poor screening, and 
which fines and chips provided excellent 
material for sintering and agglomerat- 
ing. Better pebbles were an obvious 
requirement, but it appeared that with 
proper screening the formation of large 
agglomerates could be eliminated. Tests 
on the trommel showed only about a 
30% efficiency in getting rid of fines 
and chips. As a result a second screen 
was installed at the bucket elevator 
discharge, the trommel being located at 
the bucket elevator inlet. Average peb- 
ble breakage at 4000° F. approximated 
5% of the circulation rate, but at 3700° 
F. the breakage is expected to fall to 
3% with lower rates possible with im- 
proved pebbles. 

The grates were damaged by the high 
temperature to which they were sub- 
jected, and the units had to be removed 
and straightened. The main beams and 
other critical members were water cooled 
after reinstallation not only because of 
the damage caused by the by-passing 
of the pebble beds, but because of higher 
than design temperatures experienced 
during normal operation. Expected 
grate temperatures were of the order of 
1000 to 1100°F., whereas 1200 to 
1300° F. temperatures were experienced. 
Temporary measures with air cooling 


Fig. 9. Furnace roof showing primary spolls. 


Refractory arch roof construction at 


pebble feed end. 
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had been provided before the shutdown 
to prevent overheating. 

After alterations had been made, the 
unit was started up again and ran for 
approximately two months when pebble 
breakage and pressure drop across the 
beds began to increase. After another 
month, with no success in the reduction 
of the pressure drop, the furnace was 
again shut down. Entry into the fur 
nace again showed large agglomerated 
lumps which, however, could be broken 
by a hand blow. Agglomerates from the 
first shutdown could be broken only 
with a pickaxe. 

It was apparent that operation at 
4000° F. was hardly possible at the pres 
ent stage of pebble development Data 
at 3700° F. wall temperature indicated 
that pebbles would stand up under those 
conditions although production would be 
lowered. 

The refractories of 97% 
formed well in the furnace 
slumping was noted but nothing appre 
ciable. The refractory roof was con- 
sidered the component of the 
furnace due to the long span of 18 ft. 
However, except for some initial spall- 
ing which occurred before the furnace 
got up to temperatures, and after a 
crash shutdown caused by failure of 
the main blower, the roof was satisfac- 
tory. Figure 9 is a photograph of a 
roof section showing spalling. The 
original spalls varied in thickness from 
Y% to 2 in. and were designated as 
primary spalls. No secondary spalls 
were ever observed in the one year of 


MgO per 
Some minor 


critical 


processes 


operation subsequent to the blower fail 
ure. The roof life was estimated to be 
four to five years based on examination 
after the last shutdown, 

Figure 10 is a view of the furnace 
exterior during construction and Figure 
11 shows the arch roof construction at 
the pebble feed end 


partial pressure of nitric oxide 
partial pressure of nitrogen 

= partial pressure of oxygen 
forward reaction rote constant 
reverse reaction rate constant 


time 
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Fig. 10. Furnace exterior during construction 
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THE CHEMICAL ENGINEERS’ 


NUCLEAR FUTURE 


Nuclear science is still in its infancy. Nuclear engineers can 
proceed to make this new tool valuable to mankind only as 
rapidly as chemical engineers can explain how to handle 
the problems of high temperature, heat transfer, corrosion, 


and materials. 


©. Rogers McCollough | Monsanto Chemical Company, St. Lovis, Missouri 


© predict the direction of growth of 
| pecan energy in its present state of 
infancy remains difficult. However, one 
thing seems certain—chemical engineer- 
ing will play a significant role in making 
many applications of this 
science. It is the purpose of this article 
to indicate what some of the likely ave- 
nues of development will be, and how 
the ingenuity of many different special- 
ists, including the chemical engineers, 
will be required to bring about their 
practical realization. 

One hears a good deal about nuclear 
engineering and the nuclear engineer. It 
would be helpful to define the latter as 
one who takes the scientific facts of 
nuclear reactions and designs, builds, 
and operates machines which produce 
energy or materials generally useful. 
Very often, chemical engineers serve as 
nuclear engineers, as do engineers from 
other branches of the profession, That 
a chemical engineer makes a special kind 
of nuclear engineer will be brought out 
in this article for the purpose of clari- 
fying what must sometimes seem to be 
a confusing situation, that is, who is 
capable of doing what around the atom. 

A brief review of presently existing 
reactors and the problems attending 
them may serve to provide a take-off 
the future possibilities and 


practical 


base for 
needs, 

A general problem common to all re- 
actors is the formation of fission prod- 
ucts. These are extremely toxic mate- 
rials and positive assurance that they 
will not escape is one of the important 
and difficult problems in designing and 
locating nuclear reactors of any signifi- 
cant power, 

Heterogeneous reactors require pure 
uranium which needs the devising of 
chemical engineering processes and 
equipment for producing uranium com- 
pounds of exceedingly high purity so 
that metallurgists can convert these 
materials into suitable plates and rods. 
Military reactors with enriched uranium 
call for gaseous diffusion separation, the 
existing plants for which are, indeed, 


an outstanding example of American 
chemical engineering. Production of 
high purity graphite, of heavy water, of 
even ordinary water of extremely high 
purity, and of neutral pH has been 
effected through the contributions of 
chemical engineers. 

In the interest of neutron economy, 
the chemical engineer’s universal cure- 
all—stainless steel—could not be used in 
the core of thermal reactors, and the 
present operating power reactor in the 
“Nautilus” would not have been possible 
if the chemical engineers had not de- 
vised processes for producing pure zir- 
conium metal, free of hafnium. 

Homogeneous reactors are essentially 
simple in concept. This type of reactor, 
however, turns out to be a plumber’s 
nightmare. Among other problems, a 
way must be found to control the com- 
position of the reacting solution 
(“soup”), which means not only control 
over uranium concentration, but also 
over pH and various anions to be sure 
that the uranium stays in solution. The 
main difficulties with homogeneous re- 
actors arise, however, from the fact that 
they must be operated at high pressures 
and temperatures, a condition which 
results in severe corrosion, affects the 
stability of the “soup” especially under 
radiation, and imposes problems on the 
chemical processing plant. 

Fast reactors operating with neutrons 
which have not yet been slowed down 
offer much wider leeway in the selection 
of materials. At present all fast reac- 
tors are heterogeneous, and coolants 
are sodium or other liquid metals be- 
cause the introduction of compounds 
having atoms of low atomic weight, like 
hydrogen, carbon, or oxygen would re- 
sult in appreciable degradation of neu- 
tron energy. The intense, high energy 
neutron flux tends to break down chemi- 
cal compounds, hence one must rely, 
apparently, on such elemental substances 
as liquid sodium. Corrosion of the fuel 
elements and of the structural parts of 
the reactor by the circulating liquid 
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metal presents a serious problem as 
does the problem of preventing reaction 
betwen hot liquid sodium and water. 
There has been much study, experimen- 
tal work, and expensive constructions to 
assure that this latter possibility does 
not happen, but it is the author's view 
that the problem is not yet satisfactorily 
solved. In designing heat exchangers 
for this purpose, one must cope with 
new problems of stress corrosion, 

The relation between the chemical 
composition of the liquid metal and 
stress is a new problem requiring care- 
ful study. Experimental work is also 
undoubtedly required before reliable and 
economical heat exchangers are obtain- 
able for this use. 

If one is dealing with heterogeneous 
reactors, the solid fuel elements will re- 
quire, in most cases, chemical process- 
ing before a large fraction of its con- 
tained fissionable material is used up. 
This condition is due to the need for 
preserving enough fissionable material 
in the core for a critical mass. Usually, 
fission products are overshadowed by 
so-called “radiation damage,” the batter- 
ing given fuel material by fast neutrons 
and recoiling fission fragments. This 
damage causes the fuel elements to grow 
anisotropically—they swell, twist, or 
warp. They may become brittle, and 
the cladding may crack. In other words, 
they are so badly damaged that one does 
not dare leave them in the reactor. 

Such fuel elements are removed from 
the reactor, dissolved, and put through 
an extensive chemical processing to 
separate the fission products from the 
unused uranium. If any plutonium has 
been generated, this must be separated 
also. 

Although the fuel cleanup process 
(C.E.P., October, 1955, page 446) may 
seem relatively simple in theory, it is 
expensive because of the great radio- 
activity of the fission products and this 
is another major handicap to the nuclear 
power program. This means that fuel 
elements must be allowed to “cool” more 
than a month in order to get the radio- 
activity down to a level where it will 
not heat solutions excessively or break 
down the organic solvent and chelating 
agent. The whole process must be car- 
ried out by remote control and behind 
thick concrete barriers. Any mainte- 
nance of equipment must be done either 
by remotely operated cranes, wrenches, 
and other tools or after expensive, time- 
consuming decontamination. Waste stor- 
age is a laborious, expensive operation. 
It is easy to see that with respect to 
present reactors, the chemical engineer's 
ingenuity and specialized training will 
continue to be regarded as primary in 
achieving economic as well as techni- 
cally sound atomic power generating 
plants. Now to turn to what lies 
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ahead, to some of the regions which 
may be far more revolutionary as far 
as their effect on chemical processing 
is concerned. 


Higher Temperature Limits 

The fission process has certain unique 
features which have not been fully ex- 
ploited as yet. 


In the first ploce, the reaction is not tempero- 
ture limited. Temperatures as high as millions 
of degrees centigrade are possible and tem- 
peratures of thousends of degrees centrigrade 
are easy to get. In reactor design, one makes 
sure thot these temperotures ore not reached 
accidentally. in the second place, the reaction 
is self-contained. There is no need to bring in 
air and fuel or to take away flue gases and 
ashes in order to carry on the reaction and 
generate the heat. In the third place, the whole 
reaction is in a highly radioactive environment. 


Up to now, most operating reactors 
have maximum, useful temperatures up 
to about 600° F. This rather modest 
temperature limit is because, as yet, the 
engineers have not been able to develop 
systems to go any higher. This is a 
limitation to materials, corrosion, 
and stresses. The role of the chemical 
engineer is apparent in this problem. 

In the foreseeable future it appears 
possible to raise this temperature several 
hundred degrees, a relatively modest in- 
crease. The modesty is due to the lack 
of suitable materials and techniques to 
go higher. The point should be stressed 
that the of a nuclear reactor 
operating even at room temperature is 
a hard job. Designing it to operate at 
600° F. is much harder and to go to 
1000 or 1400° F. is really difficult. 

Water, whether light or heavy, is an 
excellent material for heat removal. For 
thermal reactors it has the advantage 
of acting simultaneously as a moderator 
and coolant. Much is known about 
handling water, although amusingly 
enough, it turns out that there are some 
rather important gaps in the knowledge 
filled by the neces- 


due 


design 


which are being 
sities of the science and technology of 
reactors. Water, however, has the draw- 
back that its boiling only 
212° F. When the to go to 
high enough temperatures to generate 
power, high pressures are required with 
the attendant expense and difficulty of 
high pressure construction 
Hydrocarbons can be found with con- 
siderably higher boiling points and they, 
too, have desirable moderating proper- 
ties. The difficulty is finding hydro- 


point is 
desire is 


carbons with the desired physical pro- 
perties which will withstand the desired 
temperatures and the bombardment in 
the radiation field within a reactor. It 
appears that some compounds may have 
sufficiently low decomposition to make 
them feasible for this purpose 


Hydro 
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carbons have another advantage in that 
they do not have the thermodynamic 
possibility of strongly exothermic re- 
action with metals such as aluminum, 
zirconium, or uranium. This possibility 
of hot fuel elements containing alumi- 
num, zirconium, or uranium reacting 
violently with water significantly raises 
the hazard problems of nuclear reactors 
If one uses hydrocarbons as 
coolants and inevitably 
there will be a certain amount of de- 
composition and it will probably be 
necessary to install a chemical process 
to purify continually the material as it 
is circulated through the reactor system 

The design of still higher tempera- 
ture reactors up to 3000 and 4000° F. 
is the real need for more adequate use 
of this new tool. With these tempera- 
tures one can begin to consider metal 
lurgical processing, reduction of metals, 
manufacture of fuels, and perhaps the 
synthesis of basic chemical raw mate 
rials such as nitric oxide, acetylene, and 
cyanogen. 


reactor 
moderators, 


Nucleometallurgy 


Today, when high energy processes 
like the manufacture of chlorine, sodium 
magnesium, aluminum, graphite, and 
phosphorus are to be carried out, elec 
tricity is used. However, electricity is 
nothing but energy with a very high 
temperature potential. In making elec- 
tricity from a chemical like 
burning coal one takes high 
energy losses, about 60% at the least in 
the most modern plants, but actually 
more like 75% on the average. More- 
over, there is a lot of equipment, that 
is to say capital, tied up in the plant 
that makes the electricity 

The advent of nuclear energy 
source ot! temperature 
manufacture of 
can but 


process 


rather 


gives 
another high 
energy for the basic 
chemical raw materials if one 
find the way to use it 

If a plan calls for building nuclear 
chemical plants, the question is what 
role engineers will play in 
the design and operation. There is 


relatively little difference in the nuclear 


chemical 


reaction characteristics up to, say, 
1000° F. When temperatures of 3000 
and 4000° F. are reached, there are 


some differences and the nuclear engi- 
neer will have to do his part in design 
ing a stable reactor. The mechanical 
engineer will have the difficult job of 
designing for tightness and containment 
allowing for expansions and the devel 
opment of thermal stresses. The really 
tough part of the job falls on the shoul 
ders of the chemical engineer. He must 
will stand the 
corrosion, and 


find materials that tem 
perature and the 
have to devise the heat transfer system 
Incidentally, up to now reference is fre- 


quently made to the problem of “cooling 


will 
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careers 


reactors” rather than using the Aeat of 
reactors. Again, the chemical engineer 
will have to devise the flow system and 
to design the auxiliary systems that 
bring in the raw materials and take out 
the finished chemical products 

If materials pass through a neutron 
flux, a certain amount of activation or 
transmutation takes place. This invari 
ably makes certain of the materials 
radioactive. There will be the problem 
of separating these radioactive materials 
from the main products, and a process 
must be designed to do it 


Nuclear Aluminum Plent 


Simply to illustrate—and illustrate 
a nuclear chemical plant, one can 
to produce metallic 
the thermo 
There 


are serious doubts about the economics 


only 
plant 
It may not work 


imagine a 
aluminum 
dynamics have not been checked 


since electricity is quite cheap and its 
use to produce aluminum is well under 
stood. But anyway, the design of a 
nuclear reactor to produce aluminum is 
the immediate proposition 

In any event the supposition is that 
aluminum oxide and carbon will react 


in a nuclear reactor as follows 


Al,O, + 3C + 2Al + 3CO 


and it has been determined that this 


reaction will go rapidly at 4000° F. at 
atmospheric pressure 


The first step is for the nuclear engi 
neer to figure out what kind of a 
reactor would produce some amount, 


say, 1000 tons/day of aluminum by this 
Since high temperatures and 
atmosphere are 


reaction 
essentially a reducing 
being dealt with here, he selects graphite 
and silicon carbide as the materials of 
construction. The design will be essen 
tially a cube in which graphite will be 
arranged to vertical 
will be 
strips which 


will be 


vive a series of 


ree tangular passages These 
silicon carbide 
fuel 


made by pressing a mixture of uranium 


lined with 
are the elements ind 
carbide and silicon cartnde together un 


der high pressure and sintering to form 


long strips. They then will be coated on 
four sides and on the ends with sintered 
ilicon carbide. This sealing or “can 


ning” the uranium inside silicon car 
bide is so that fission product 
and 
Briquets of aluminum oxide and carbon 


Carbon mon- 


cannot 
escape contaminate the product 
will pass down the slots 
oxide will come off the top and molten 
The nuclear 


ratios of 


aluminum out the bottom 
will 
aluminum oxide, carbon, sili 


engineer specify the 


graphite 


con carbide, uranium, and voids that can 


be used. He will also calculate the 
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amount of uranium required and its 
concentration of U*** enrichment, as it 
is called 

Certain impurities are bad neutron 
absorbers, others become highly radio- 
active. The chemical engineer, there- 
fore, will have to devise processes to 
make aluminum oxide and carbon which 
are free of these impurities, otherwise 
the reactor would not run or the prod- 
uct would be so radioactive it never 
could be used. The process of melting 
and briquetting the alumina and carbon 
is again the chemical engineer's job 
The preparation of suitable silicon car 
bide and the making up of the fuel ele 
ments are chemical engineering con 
cerns. Other jobs for the chemical en 
gineer are the heat transfer problem in 
the reactor and the treatment and dis 
posal of the carbon monoxide off-gas. 
Dissolving and separating fissionable 
material from fission products in the 
spent fuel elements is certainly a part 
of the chemical engineer's assignment. 


Skill Requirements 


Whether these nuclear chemical plants 
become a reality or not depends on 
chemical engineers solving the problems 
of design. If such problems do appear 
on the scene, it is obvious that the oper 
ation of so valuable and intricate a 
plant would not be trusted to atiyone 
except a chemical engineer. 

The new science of nuclear energy 
and its application should properly be 
guided primarily by those skilled in 
nuclear energy. It is clear, however, 
that progress in nuclear reactors has 
been largely dependent upon the valu 
able contribution made by chemical en 
gineers in the preparation of reactor 
materials, in the design of the cooling 
system, and in the chemical processing 
of the used fuel elements. The major 
problems presently holding back prog 
ress in nuclear reactors—the design and 
fabrication of fuel elements, the cost of 
chemical processing, and the disposal of 
fission products at reasonable costs—are 
certainly fields in which chemical engi 
neers should make important contribu 
tions 

As science finds uses for fission prod- 
ucts, it is up to chemical engineers to 
use their skills and imagination to find 
means of handling them economically. 
Finally, if it is expected that the real 
potentialities of nuclear energy in the 
future will be utilized, chemical engi- 
neers must show how this high poten- 
tial energy source can be handled 
economically and safely so that it can 
be used for the reduction of metals, for 
the manufacture of fuels, or for the 
preparation of basic chemical raw ma- 
terials, 


Presented at A.l.Ch.E. meeting, Loke Placid, 
New York. 
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(Series 15—“Mineral Engineering Techniques”) 


introduction to Flotation 
H. Crabtree 


Flotation may be defined as a method of 
concentration in which one or more of 
the mineral constituents are collected 
by causing them to float above the sur- 
face of a pulp consisting of the finely 
pulverized ore and water. Probably no 
metallurgical process in the history of the 
mining industry has been responsible for 
such increased mineral production as has 
flotation. It is commonly practiced in an 
ore pulp in which the ore has been 
ground to a maximum of some 35 mesh, 
but fine enough to effect considerable 
liberation of the mineral components. This 
process as presently practiced is termed 
froth flotation. Several early processes 
were generally classed as skin flotation or 
film suspension. It has been said that flota- 
tion is an art instead of a science. Review 
of the literature discloses that hundreds of 
investigators have worked continuously 
since the process was discovered to attempt 
to change this statement. Much has been 
learned. 


Chemical Engineering Progress Symposium Series 
No. 15, Vol. 50, 1 (1954). 


The Chemical Theory of Flotation 


P. L. de Bruyn 


Flotation is recognized today as one of 
the most important methods for concen- 
trating low-grade ores. At present the 
physical-chemical processes which deter- 
mine the flotation behavior of minerals are 
not completely understood; however even 
though it is not possible to formulate a 
complete quantitative explanation of the 
flotation process, many of the important 
chemical factors which control the float- 
ability of solids have been recognized and 
evaluated at least semiquantitatively. Flo- 
tation research is progressing actively. 


Chemical Engineering Progress Symposium Series 
No. 15, Vol. 50, 5 (1954). 


Froth Flotation of Chalcopyrite 
Arvid E. Anderson 


A brief description of the flotation opera- 
tions as practiced in the recovery of chalco- 
pyrite has been presented. The present 
plant practice has resulted in an unusual 
accomplishment regarding the recovery of 
the chalcopyrite. The amount of copper 
in the ore has decreased ; yet the recoveries 
have been maintained without serious re- 
duction in the averaged grade of concen- 
trate produced. This achievement is be- 
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lieved to be due to two operating factors: 
namely, first, the use of the dual promoter 
system, Aerofloat and xanthate, and, sec- 
ond, the flexibility of the operations of the 
flotation machines, both mechanical and air 
machines being used in the same circuit 


Chemical Engineering Progress Symposium Series 
No. 15, Vol. 50, 15 (1954). 


Adsorption in the Mineral industries 
Cc. L. Mantel! 


Although adsorption is a function of 
surface forces, in chemical engineering 
applications the relative amount of adsorb- 
ate per unit of weight or volume of ad- 
sorbent is large. Commercial adsorbents 
for the process industries are extremely 
porous solid foams with large internal 
surfaces, their external surface comprising 
only a small part of the total surface. The 
adsorbed atoms or molecules may be 
bound to the surface of the solid in different 
ways: there may be a weak interaction be- 
tween solid and gas, similar to condensa- 
tion, or a strong interaction, similar to 
chemical reaction. The former is called 
physical and the latter, termed chemisorp- 
tion, is also known as activated adsorption, 
which implies that this type of adsorption 
requires activation energies just as do 
chemical reactions. The chemical engineer 
accepts adsorption on extended surfaces of 
ions, compounds, molecules, and gases and 
has developed processes for collection, 
separation, and fractionation involving ad- 
sorption and desorption, largely as func- 
tions of physical factors as well as chem- 
ical factors such as pH. 


Chemical Engineering Progress Symposium Series 
No. 15, Vol. 50, 21 (1954). 


Hydroseperation and Thickening 
W. P. Dyrenforth 


The field for the hydroseparator may 
broadly be divided into three classes: 

1. For fine separations where large areas 
and very quiescent conditions are essential. 

2. For rough sloughing off of slimes 
ahead of additional treatment 

3. For rough removal of fines and de- 
watering of a dilute and large volume feed. 

It is sufficient to say that the principles 
of hydroseparation and of sedimentation- 
type thickening and the means for applying 
them have wide use in industry whether 
the process is chemical or metallurgical. 


Ch.» tal Engineering Progress Symposium Series 
No. 15, Vol. 50, 65 (1954). 


(To be continued) 
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Freeze seals have been developed for sealing stationary 
and rotating shafts affording a simple means of adapting 
commercial equipment for use in high-temperature liquid- 
metal systems. Several designs for sealing sodium at tem- 
peratures up to 1200° F. have been satisfactorily tested. 
Under different operating conditions cooling loads, torque, 
and temperature distribution were measured. Locating the 
freeze seal away from the high-temperature region allows 
the formation of an annulus of frozen metal around the 
shaft with small cooling loads. 


design and operation of 


FREEZE-SEAL VALVES AND PUMPS 


R. Cygan and A, M. Stelle 


Fig. 1. Pump modifications for freeze seals 


Atomics International Division, North American Aviation, inc 


roader application of high-tempera- 
B ture, liquid-metal heat transfer sys- 
tems is possible by reducing component 
costs. Use of freeze seals in valves and 
pumps affords a method of reaching this 
goal. In addition, design simplification 
together with operating ease often are 
concomitant gains 

The necessity for other than standard 
designs is dictated by the corrosive ac- 
tion of liquid metals on packing mate- 
rials having adequate tightness and/or 
temperature suitability. The freeze seal 
avoids these difficulties and offers simple 
arrangements for sealing shafts that are 
adaptable to either static or rotating 
seals. The operating principle is to 
form a barrier between the system and 
the outside by freezing a slug of the 
process liquid metal in a narrow pas 
sage. The frozen metal is held in the 
narrow passage, which is usually an 
annulus, by friction and adhesion. Com- 
plete containment, i.e., prevention of 
extrusion, is not always a requirement, 
but experience indicates that it can be 
achieved. 

In a rotating seal, the frozen metal is 
continuously sheared near the shaft sur- 
face and a thin high viscosity liquid 
film is maintained at the shear interface. 
Although the exact action is not known, 
friction energy probably supplies the 
heat necessary to maintain the liquid 
film while the high thermal conduc- 
tivity of the frozen metal permits rapid 
heat removal so that the film does not 
become thick enough to allow leakage. 
The heat from the hot liquid metal and 
the frictional heat (in the case of rotat- 
ing shafts) are removed continuously 
from the frozen area to a secondary 
coolant which may be either a liquid or 
a gas. The liquid-cooled seal is the more 
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compact design and is the type discussed 
here. 

Another advantage of the freeze seal 
is the relative case with which it can 
be adapted to commercial equipment. 


Valves can be converted by simply add- 
ing a new bonnet incorporating cooling 
passages along the stem. The bonnet is 
welded to the body since corrosion or 
erosion of the valve seats is nil with 
sodium, and maintenance therefore is not 
necessary. Compact designs are possible for 
use with large-size plug, globe, or gate 
valves. Globe and plug valves of 6-in. pipe 
size have been built and successfully tested 
at Atomics International. Centrifugal 
pumps require more extensive modifications 
which usually incorporate two freeze seals, 
one rotating and one static. The modifica- 
tion for the static housing freeze seal is 
by far the more extensive 


As shown in Figure 1, extension 
sleeves are added to the head and case 
which provide a narrow annulus some- 
what removed from the hot liquid-metal 
region. 


A cooling jacket placed around the outer 
extension sleeve provides the necessary 
cooling to form the static freeze seal. The 
gas space behind the freeze seal is closed 
off from the outside atmosphere by conven- 
tional means. This permits introducing 
inert gas to blanket the exposed frozen 
metal of the freeze seal. This design per 
mits the bolting for the two parts to be 
placed in a cool region above the seal. A 
liquid-cooled gland unit is inserted into the 
stuffing box to provide the cooling to form 
the rotating shaft freeze seal. Although a 
larger diameter stuffing box usually is re- 
quired for a freeze seal gland than for an 
ordinary gland packing, most pump cast 
ings have adequate metal thickness to per- 
mit increasing stuffing-hbox size without 
changing the original patterns 


The cooling requirements for these 
shaft and static freeze seals are not ex- 
cessive. Since the chief heat paths are 
through the metal container, shaft, and 
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the liquid metal in the annulus, the cool 
ing load may be approximated by evalu 
lines of heat flow by ordi 


ating these 


nary conduction heat transfer methods 
The additional heat generated in shear 
ing a rotating seal is a minor part of 
the total cooling load and may be ig- 
The 
shaft power thus absorbed in a rotating 


seal is independent of the temperature 


nored in the first approximation 


of the frozen metal but is a function of 
the frozen metal length and the thick- 
ness of the liquid film 

It is difficult to predict the shearing 
power loss and to date there has been 
little correlation between theoretical cal 
culations and experimental data. Close 
temperature control of the seal does not 
as long as the tem 


kept 


appear necessary 
perature of the 
well below its freezing point 


frozen metal is 


However, the starting torque is generally 
high (25 ft-lb. for 3-in. shaft) and ap- 
parently a function of the temperature 
(i.e. shear strength) of frozen plug 
As the plug temperature approaches its 
melting point, the shear strength and 
starting torque are reduced, and it appears 
that the allowable approach to the freezing 
point is proportional to the thermal conduc- 
tivity of the involved. Thus, a seal 
with metals of good thermal! conductivity 
permits a closer approach. High pressure 
differentials the seal also increase 
the running torque and further increase the 
severity of a leak in case of seal coolant 
failure. Low differentials may be achieved 
by adjusting the pressure of the inert was 
hackup to nearly equal the pressure of the 
liquid metal. The curves in Figure 2 show 
representative data for sodium freeze seals 
of various designs 


the 


metals 


across 


The pump bearing housing cooling 
load is shown also for comparison 
Vertical shaft 


achiev ing a 


eals present no prob- 
solid plug around 


lem in 


the entire annulus. However, with hori- 
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Fig. 2. Cooling load for freeze seals. 


Fig. 3. Long freeze-seal gland. 


err 


Fig. 5. Shaft power dissipated in long freeze 
seal 6- by 8-in. pump. 


30:0 


Fig. 6. Short freeze-seal gland. 


Fig. 4. Long seal cooling load 6 by 8-in. pump. 


zontal shafts, some difficulty may be 
encountered in obtaining a plug free 
from horizontal cold shuts which may 
promote gas inleakage if the liquid- 
metal system drops below the backing 
gas pressure. 


Standard shaft finishes appear to be 
satisfactory and hard surfacing is unneces- 
sary or perhaps undesirable since spalling 
and chipping of a type 410 Malcomized 
stainless steel shaft have been experienced 
The wobble and vibration of a turning 
pump shaft must be kept below 0.001 in. 
total indicator reading to avoid plastic 
working the frozen metal and thereby en- 
couraging extrusion or excessive frictional 
heat generation. Because of thermal dis 
tortions of pump parts when systems 
operate at temperatures above 1000° F., the 
pump shaft deflection due to hydraulic or 
gravity loads should be kept to less than 
0.004 in. to avoid contact and subsequent 
galling of the shaft and stationary parts 


Contamination of the metal in the 
frozen seal by abrasive oxides will lead 
also to binding, seizure, and ultimate 
mechanical failure. The gas side of the 
seal, particularly for a system contain- 
ing easily oxidized materials, must 
therefore be covered with an inert at- 
mosphere. In addition, the oxygen com- 
bined in the liquid metal side (in the 
case of sodium) must be controlled to 
a low value since the oxides in alkali 
liquid metals tend to precipitate in cold 
regions. For sodium, the oxygen con- 
tent should be less than 0.005 wt.%. 


Operation Test Date 


Operating experience with static 
freeze seals show that those that are 
operated infrequently present no prob- 
lem and have proved reliable. Rotating 
seals appear promising but are not. yet 
fully developed. Two problems to be 
solved are eliminating thermal stresses 
and optimizing the configuration for 
best performance at the lowest cooling 
load. 


A rotating seal annulus with a conical 
outer surface and cylindrical inner surface 
to form a tapered slug of metal with radial 
spacing of 0.020 in. near the gas side and 
0.060 in. on the liquid-metal side, operates 
more smoothly than a straight-sided con- 
figuration, The taper apparently provides 
space and a mechanism by which any lump 
or abrasive material may be worked out 
to a larger annular space before seizure 
or galling occurs. The taper further re- 
strains the frozen plug and assists in pre- 
venting extrusion. The freeze-seal gland 
built to these dimensions for test in a 
6 by 8 in. pump is shown in Figure 3.. 
The seal is fabricated by cutting a double 
helix for coolant passages in the inner 
member for the full length of the seal and 
enclosing the passages with a tubular piece 
welded at top and bettom to form the 
outer member. The coolant is circulated 
from the top to bottom in one helix and 
from the bottom to top in the other. Some 
heat is exchanged between the coolant 
flows but this is of minor concern because 
of the low-temperature drive. This seal 
was operated with a 3-in. diam. shaft turn- 
ing at speeds varying between 45 and 
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1700 rev./min. Figures 4 and 5 are plots 
of the experimental data for this con- 
figuration. 


A modification of this general design 
uses two independent coolant passages. 
A cutaway of this design is 
Figure 6. The lower circuit is fabri- 
cated with a double-helix passage simi- 
lar to the previously described seal. 
This cooling circuit provides precooling 
of the liquid metal in a wide annular 
space which allows any precipitation or 
accumulation of abrasives to be segre- 
gated before it can become entangled in 
the narrow upper annulus. The upper 
circuit is a single once-around passage 
which provides the cooling to freeze the 
liquid metal in the narrow upper an- 
nulus. The upper annulus is short to 
reduce the axial iength of frozen metal 
and to reduce the thickness of the 
liquid film formed around the rotating 
shaft. These minimize the 
running and starting torque. The nar- 
row upper annulus of this seal has 
parallel walls of radial spacing of 0.158 


shown in 


conditions 


Fig. 7. Short freeze seal with tubulor 
cooling passage. 


in. It is believed that the parallel walls 
in the upper annulus were responsible 
for some of the shaft seizure trouble 
experienced with this seal 
Both designs have high 
stresses in the axial direction because 
of the difference in the average tem 
perature of the inner and outer seal 
walls. The welds holding the outer en- 
closure tube at the top and bottom 
apparently have failed in shear after 
several thermal cycles causing coolant 
to leak into the liquid metal. To over- 
come this difficulty, seals using tubular 
cooling passages have been fabricated 
as shown in Figure 7. Each of the 
previous designs has been thus modified, 
that is, a seal with one coolant circuit 
and a tapered annulus and a seal with 
two independent coolant circuits but 
also with a taper in the narrow annulus. 
The tubular sections are completely un- 


thermal 
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Fig. 8. Six-inch plug valve with freeze seal 


Fig. 10. Seal cooling load 6-in. valve. 


Fig. 9. Six-inch angle valve with freeze seal. 


restrained. This results in their having 
maximum flexibility and leaves the sea! 
relatively free of thermal stress; there- 
fore, a shorter cooling section is pos- 
sible. 

Because of the good heat path af- 
forded by the freeze seal top flange, use 
of a separate coolant passage in the 
top flange results in a more reliably 
operating seal. Addition of this chamber 
in no way restricts the free movement 
of the coils. Cooling load for this type 
of design is about 10% higher than for 
the double-helix type. The increase is 
probably caused by the better thermal 
conductivity of the lower region due 
to the sodium present between the coils 


The stationary freeze seal on the pump 
case has a straight annulus 20 in. in diam., 
with walls spaced about % in. apart on 
the radius. The cooling jacket is on the 
outer wall only, located about 7 in. above 
the bottom of the annulus. 


The experimental data consistently 
have yielded cooling loads for this de- 
sign which are about two to three times 
that expected by thermal conduction 
alone. A similar configuration was in- 
vestigated at Mine Safety Appliances 
Company (1) and it has been reported 
that thermal convection in the annulus 
is responsible for transferring the ad- 
ditional heat, and that the addition of 
three to five barrier rings in the annulus 
spaced about 2 in. apart reduced most 
thermal convection effects. 

Valves may be converted easily for 
freeze seals; however, freeze seals are 
currently applied only to the larger sizes 
to save space and reduce cost. The 
freeze seals glands for valve stems dif- 
fer from pump shaft glands mainly in 
that the cooling passages are integral 
with the valve bonnet. The stuffing box 
usually supplied on a valve is placed 
too close to the process liquid to allow 
the use of a replaceable gland such as 
that employed on pump shafts; there 
fore, a new bonnet is fabricated which 
incorporates the cooling passages placed 
as far out as practicable. Since rotation 
or translation of the stem is slow and 
infrequent, there appears to be no need 
for providing a tapered annulus 

A 6-in. plug valve was modified with 
an extension bonnet after difficulty was 
encountered with a gland in the usual 
stuffing box. This valve has been tested 
and is shown in Figure 8. A 6-in. angle 
valve has been provided with a similar 
seal in the extended bonnet between the 
valve and the regular chevron packing 
This valve has been operated up to 
1200° F. with no difficulties. The cool- 
ing load is small. Figure 9 is a photo- 
graph of this valve showing the loca 
tion of the seal at the enlargement on 
the bonnet extension. The enlargement 
is formed by a tube welded over a single 
Acme thread coolant passage cut into 


the extension. The test data for this 
seal are shown on Figure 10. 


Feasibility of Operation 


Considerable experience has been 
gained from the operation and testing 
In general, they appear 
The greatest 


of freeze seals. 
to be reliable and efficient 
danger to seal operation is the loss of 
coolant supply which, of course, can 
result in seal failure; therefore 
extra precautions are necessary to main 
tain constant coolant flow. Momentary 
flow interruption can be tolerated since 
tests show that a cold seal is maintained 


total 


for as long as 14% min. after the coolant 
is stopped. This permits ample time to 
initiate emergency flow. Once flow of 
liquid metal through the seal has started, 
stopping it, with high 
flows, is difficult. Therefore, the 
gas space and gas seals are designed as 
a backup to retard or contain tem 
porarily the liquid-metal flow to make 
easier the securing of a lost seal. 

The service life of eal will 
be indefinite if the material being sealed 
and the 
does not foul the cooling passages ex 
Minor the 


coolant flow will compensate for ordi 


even coolant 


inert 


a treeze 


is free from abrasives coolant 


cessively adjustments in 


nary fouling. Since no wear is experi 
enced at the seal, no mechanical adjust 
ments are required, These features make 
this seal particularly attractive for ap- 
plications in inaccessible or radioactive 
areas. In addition, the relative low cost 
of the seal and the ease of converting 
commercial equipment make it attrac 
tive for accessible equipment 

The freeze-seal principle is not neces- 
It may be 
joints in 
freeze-off 


sarily confined to shaft seals 
adopted for 
piping, remotely 
valves, instrument lead throughs, and a 


slip expansion 


oper ated 


variety of other miscellaneous applica 


tions. Future simplification in seal de 
sign will broaden the field and increase 
the reliability. In particular 


ments in design will be toward 


improve 
allow 
ing greater misalignment and wobble in 
shaft to permit 
natural the at 
mosphere, and devising a means to re 


, providing heat barrier 


convection cooling to 


duce the breakaway torque for rotating 
shafts 
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Fig. 1. Experimental thermosiphon reboiler. 


Thermosiphon reboilers (natural circulation evaporators) 
have high transfer rates, limited space requirements, and 
are easily cleaned when fouled. Although widely used in 


the chemical industry, design data have not been readily 
available. Work was undertaken by the authors to obtain 
experimental over-all heat transfer rates and maximum 
allowable heat fluxes in a small thermosiphon reboiler. 
A number of process fluids with widely varying physical 
properties were studied at several pressure levels for each. 

Over-all heat transfer rates as high as 2,500 B.t.u./(hr.) 


(sq. ft.) (°F.) and fluxes above 


100,000 B.t.v./(hr.) 


(sq. ft.) were obtained for water at 127 Ib./sq. in. abs. On 
the other hand, transfer rates less than 200 B.t.u./(hr.) 
(sq. ft.) (°F.) were obtained with ethyl toluene at 2.0 
Ib./sq. in. abs. Other process fluids gave intermediate re- 
sults. Vapor-lock points were noted, and proper operating 
techniques to obtain maximum loadings are suggested. 

A table giving Celanese Corporation of America reboiler 


standards is included. 


Design Data for Thermosiphon Reboilers 


D. C. Lee, J. W. Dorsey, 
G. Z. Moore, F. Drew Mayfield 


WATER 


290 


GUTANE + 148 


Fig. 2. Experimental thermosiphon reboiler. 
Data on 10-4. long, O.D. tubes. 


Messrs. Moore and Mayfield are presently 


with Foster-Grant Co., 


Lovisiana. 
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Baton Rouge, 


Bishop, Texas 


hermosiphon reboilers (natural cir- 

culation vertical tube evaporators) 
have been used for years in the chemi- 
cal industry because of their high heat 
transfer rates, limited space require- 
ments, resistance to some types of foul- 
ing, and ease and completeness of 
cleaning when fouled. However, little 
has been published on heat transfer co 
efficients and maximum allowable heat 
fluxes (Q/A) for thermosiphon re- 
boilers. Design procedures have been 
unsatisfactory, especially with regard to 
the estimation of maximum allowable 
fluxes. 

Operating data on plant reboilers at 
the Celanese Corporation Chemcel plant 
showed surprisingly high heat 
transfer rates and indicated that in 
many cases economies in construction 
could be realized if more accurate data 
were available on the maximum allow- 
able fluxes. Therefore, an experimental 
program was initiated to develop basic 
design data for thermosiphon reboilers. 


some 


Experimental Equipment and Its Operation 


The equipment used in the experi- 
mental work is shown in Figure 1. 


The reboiler proper consisted of seven 
l-in. O.D. 14-gauge Admiralty tubes. 
10 ft. long, inside of a 10-ft. section of 
4-in. schedule 40 pipe. The reboiler was 
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Chemical Division, Celanese Corporation of America 


attached to a 16-in. O.D. column contain- 
ing one bubble-cap tray. The reboiler 
liquid line consisted of approximately 9 ft. 
of 4-in. schedule 40 pipe plus two schedule 
40 long sweep ells. The vapor nozzle was 
a 4-in. schedule 40 long sweep ell. Two 
glass windows were located at right angles 
to and at the same level as the reboiler 
vapor nozzle. 

The column vapors were sent to the 
shell side of a large shell and tube con- 
denser where they were condensed and 
returned to the column as reflux on the 
bubble-cap tray. The pressure in the 
vapor space of the column was controlled 
by a pressure recorder-controller setting 
the cooling water flow to the tubes of the 
shell and tube condenser. No absolute 
values of temperatures were measured, but 
the pressures in both the reboiler steam 
chest and the process side vapor space 
were recorded. The temperature differ- 
ence between the steam and the mixture 
of vapor and liquid leaving the reboiler 
was recorded directly by means of a Brown 
Electronik temperature difference recorder 
with the use of iron-constantan thermo- 
couples. Provision was made also, by 
means of a multicontact switch, for meas- 
uring the temperature difference between 
the reference thermowell (in the upper 
of the two enlarged sections of the re- 
boiler steam chest) and the other ther.no- 
wells shown in Figure 1. Steam of 240 
Ib./sq.in. gauge was trapped to remove 
condensate and then throttled through the 
control valve so that it entered the re- 
boiler steam chest superheated. It was 
thought that some temperature difference 
might exist between the upper and lower 
ends of the reboiler steam chest, but no 
measurable temperature difference was 
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found during operation. Also, after thermal 
equilibrium had been attained (as indi- 
cated by constant reading of the tempera- 
ture difference recorder and pressure re- 
corders) less than 1° F. variation in the 
temperature difference between the refer- 
ence thermowell and any of the other 
thermowells in the column or the vapor 
nozzle could be found. It is believed that 
the maximum error in the temperature 
differences measured was never greater 
than 5% of the reported value. 

Sufficient liquid was kept in the system 
to maintain the liquid level in the celumn 


near the reboiler top tube sheet, which 
corresponds to normal plant operating 
practice. No significant change in heat 


transfer rates was found when this level 
was lowered 18 in. with the heat input 
and column vapor space pressure held 
constant. The effect of liquid level was 
not studied sufficiently to warrant any 
further conclusions 

That portion of the column below the 
bubble plate—the liquid line, the reboiler 
proper, and the vapor nozzle—were all 
well insulated with 2 in. of 85% MgO 
insulation. The steam input to the re- 
boiler was determined by collecting and 
weighing the condensate from the reboiler 
over a measured period of time with 
calculated corrections being made for the 
flash steam loss from the condensate. Heat 
losses from the equipment were felt negli- 
gible compared to the errors inherent in 
measuring the heat input 

The steam chest temperature was taken 
from Keenan and Keys (2) as the tem- 


perature corresponding to the measured 
steam chest pressure. The process side 
vaporization temperature was arrived at 


by subtracting the recorded temperature 
difference from the steam chest tempera- 
ture. The heat input to the column was 
computed from the corrected rate of con 
densate formation and Keenan and Keyes’ 
(2) values of the enthalpy change from 
saturated 240 \b./sq.in. gauge steam to 
saturated liquid at the reboiler chest pres 
sure. The heat input divided by the re 
boiler tube area (17.9 sq. ft.) and the 
temperature difference gave the over-all 
heat transfer coefficient values reported 


Results 


For each of the liquids tested, a num- 
ber of runs were made at each of several 
pressure levels. Experimental results 
are presented graphically Figures 
2-4. More complete data at the points 
of maximum heat flux are given also 
in Table 1. In some cases quite high 
U values and heat fluxes were obtained, 
the highest U value being about 2,500 
B.t.u./(hr.) (sq.ft.) (° F.) and the high 
est flux being above 100,000 B.t.u./ 
(hr.) (sq.ft. ). 


Trouble would normally be expected in 
obtaining good reproducibility in the high 
U value range since small fouling resist 
ances become dominant. Schweppe and 
Foust (4), in reporting high film coeffi- 
cients for liquid heating under forced cir 
culation conditions, noted the pronounced 
effect of tube surface condition on high 
experimental film coefficients. In the pres 
ent study, however, excellent reproduci 


Table 1.—Operating Veriables at Maximum Heat Flux 


Process Steam Temperature 
Pressure, Pressure, Difference 

Run ib. /sq.in.abs. Ib. /sq.in.abs. 9, 
woter 1 127 185 31 
2 67 126 45 
3 14.7 346 45 

a 3.68 10.3 445 
acetone 5 180 118 28 
6 123 88 33 
7 58 32.0 37 
propylene glycol 8 7.28 63.1 70 
9 3.469 180 80 
10 1.59 149 105 
n-propanol W 183 215 23 
12 117 149 31 

13 79 102 32.5 
4 147 27.8 38 
ethy! toluene 15 147 159 4) 
16 8.23 110 51 
17 485 87 62 
18 196 52.4 82 
benzene 9 132 203 37 
20 75 209 42 
21 147 20.0 4) 

22 9.65 147 47.5 
23 49 6.87 57 
n butane 24 265 26.8 12 

25 145 865 45 
water (5-ft. tubes) 26 127 207 40 
27 67 178 72 
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Fig. 3. Experimental thermosiphon reboiler 
Date on 10-4. long, 1-in. O.D. tubes 


bility was obtained on the data for water 


at 14.7 Ib./sq.inabs. in Figure These 
data on water were the first determina 
tions made in this study Six months 
later, after completing all of the data 
presented in Figure except that for 
butane, the data were reproduced almost 
exactly 


Monimum 
Heat Flux, U 
load M 
1,397 786.0 2,520 
1,835 102.5 2,280 
980 548 1,228 
466 26.0 585 
632 35.3 1,270 
662 37.0 1,120 
662 37.0 1,000 
637 356 510 
573. 32.0 400 
546 30.5 290 
693 38.7 1,680 
94) 52.6 1,700 
948 530 1430 
537 30.0 790 
448 25.0 610 
399 22.3 440 
322 18.0 290 
278 15.5 190 
794 443 1,200 
761 424 1010 
404 22.46 550 
376 210 440 
367 20.5 360 
372 208 1750 
371 20.7 1450 
860 980 2490 
1,390 158.0 2,200 
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Fig 5. Experimental thermosiphon reboiler. 
Dota on 5-41. long, |-in. O.D. tubes. 
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Fig. 4. Experimental thermosiphon reboiler. 
Data on 10-4. long, |-in. O.D. tubes. 


VAPOR LOCK 


From some of the curves of Figures 
2-5 it can be seen that after increasing 
to a certain point, the ove--all heat 
transfer coefficients began to decrease 
with further increase in temperature 
difference, These are the transfer rates 
at which the reboiler began to vapor- 


lock. 


All of the runs were continued to the 
vapor-lock condition and the topmost point 
on each curve represents this point. Up 
to the vapor-lock condition, the circulation 
of liquid and vapor through the reboiler 
was apparently smooth and continuous; 
above this point a surging type flow 
occurred, Visual observations as to the 
type flows were made through the two 
glass windows at pressures below 15 Ib./ 
sq.in. gauge. At higher pressures the glass 
windows were replaced by blind flanges 
and the vapor-lock point was determined 
by listening 

While water was boiling at atmospheric 
pressure in the reboiler, it was found that 
additional heat could be put into the re 
boiler even after it was vapor-locked, but 
that much greater temperature differences 
existed than would have been necessary 
if smooth circulation had still been going 
on in the reboiler, Once vapor locking 
began with water, steam flow to the 
reboiler could be reduced to a value below 
that at which the vapor lock commenced 
and smooth circulation would start again 
However, with butane as the process 
fluid, once the reboiler vapor-locked, the 
steam chest pressure would go up to the 
line pressure (24) tb./sq.in. gauge) and 
the steam input would drop to approxi 
mately one quarter of what it had been 
just prior to vapor lock. To restore good 
operation required that the steam rate be 
reduced to approximately 10% of what it 
had been at the vapor-lock point. Once 
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circulation was again established the steam 
rate could be increased up to any point 
below the vapor lock. These two cases 
are the extremes and the other materials 
studied gave intermediate behavior 

A limited nfimber of runs was made 
with 5-ft. long, l-in. tubes to determine 
whether the shorter tube lengths gave 
appreciably different results. The data are 
presented in Figure 5. The results were 
not greatly different from those with the 
10-ft. tubes except that the values of 
maximum flux were somewhat greater 
Because time was limited a comprehensive 
comparison of the two tube lengths was 
not made, 


PULSATION 


The visual observations of the material 
leaving the vapor nozzle of this experi 
mental reboiler showed a mixture of liquid 
and vapor emerging at high velocities 
The same observations were made also 
through windows on a 5-ft. distillation 
column with an 800-sq. ft. thermosiphon 
reboiler when both water and propylene 
glycol were reboiled 

In an effort to understand better the cause 
of these high velocities, a small laboratory, single 
tube glass thermosiphon reboiler was built and 
operated. Heat was supplied by means of an 
electrical heating element wrapped around the 
tube. Slow-motion moving pictures of the unit 
showed very plainly a rapid pulsating flow in 
the tube with each slug af liquid and vapor 
leaving the tube at high velocity. Each pulse 
of mixed liquid and vapor leaving the top of 
the tube was accompanied by a “kickback” of 
the liquid in the bottom of the tube. 


Comparisons and Limitations 


Piret and Isbin (3) have reported 
boiling heat transfer coefficients for an 
electrically heated 1-in. tube, vertical 
natural circulation evaporator for water, 
isopropyl, and n-butyl alcohols, carbon 
tetrachloride, and potassium carbonate 
solutions, Although maximum or limit- 
ing fluxes were not reported, the trans- 
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fer coefficients themselves seem to be in 
line with this work, when it is con- 
sidered that the values reported were 
for the boiling film alone. By measur- 
ing the boiling film coefficient and the 
recirculation rate, Piret and Isbin were 
able to correlate their data using an 
empirical Dittus-Boelter form of equa- 
tion. 

A recent study by and 
Talty (1) presents data on five organic 
liquids in vertical natural circulation re- 


(,uerrieri 


boilers. They present a correlation of 
the boiling film coefficient as a function 
of two-phase convective heat transfer 
with a factor applied to correct for the 
increase in film coefficient resulting from 
nucleate boiling. Although no data are 
presented on maximum allowable fluxes, 
these data and observations support the 
following conclusions reached in the 
present study: first, that convection in 
a thermosiphon reboiler must be one of 
the main processes for transferring heat ; 
second, that the high heat transfer rates 
are the result of the high, two-phase 
flow velocities observed leaving the out- 
let vapor nozzle; third, that the 
called vapor locking which limits the 
maximum heat flux obtainable can be 
explained through the observations 
made of these high velocities and the 
the small 


pulsing-type flow observed i 
glass reboiler. 

During normal operation the liquid 
entering the bottom of the tubes is 
slightly below the boiling point because 
of the hydrostatic head of liquid above 
it. Upon entering the tube the liquid 
is heated to its boiling point. Heat 
transfer rates are lowest in this section. 
As bubbles form the laminar film is 
agitated and heat transfer rates are 
increased. Further formation of bub 
bles reduces the apparent density of 
the liquid in the tube, allowing the 
superheated liquid toward the bottom 
of the tube to flash. As vapor thus be- 
gins to be generated rapidly, a large 
volume change occurs which accelerates 
the mixture of liquid and vapor out the 
top of the tube. Velocities become high 
and heat transfer rates are correspond- 
ingly high. Thus, transfer rates 
always increase along the length of the 
The per- 


heat 


tube from entrance to outlet 
formance of a thermosiphon reboiler in 
this manner is described and correlated 
by Guerrieri and Talty (7). 

The observed high outlet velocities in 
thermosiphons and the pulsing flow in 
the small, single-tube thermosiphon offer 
an explanation of the phenomenon of 
locking which limits the maxi- 
heat flux in a thermosiphon re- 
boiler. The velocity of the vapor-liquid 
mixtures out of the 
vapor nozzle is so great that it cannot 
be accounted for on the basis of differ- 
ence in densities between the liquid in 


vapor 
mum 


observed coming 
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the pot and the vapor-liquid mixture in 
the tubes. However, accepting a pulsat- 
ing-type flow in each tube, recoil energy 
is available for accelerating the liquid 
This 
tube 


and vapor up and out of the tube 
was observed in the small glas 
reboiler; as the mixture of liquid and 
vapor was accelerated upward, a cor- 
responding recoil, or “kickback,” was 
observed in the of the tube 
This means that the flow through any 
one tube in a reboiler is not a smooth 
continuous flow but actually is a_pul- 
flow. The total from a 
of tubes, however 


bottom 


sating flow 
gives the 
appearance of being a smooth flow. The 
lock, o1 probably 


reached when the 


number 


surge, point ts 
‘kickbacks 
lugs of vapor to be 


vapor 
are great 
enough to cause 
pushed back into the bottom head and 
liquid line. 


Correlation 

Correlations of the experimental data 
on maximum flux and heat transfer co- 
ethcients at maximum operating capacicy 
are presented in Figures 6 and 7. The 
maximum flux values were taken from 
the curves of experimental over-all heat 
transier coefficient vs. temperature dif- 
ference at a point between the break in 
the straight line and the maximum [ 
The data were compared first by plot 
ting maximum flux against the vapor 
liquid density ratio. Many of the re 
sulting curves had a hump, the location 
of which seemed to be affected by sur 
Consequently, maximum 
against a form of the 


lace tension 
flux was plotted 
Kelvin equation, used in the correlation 


as tollows: 


Pl Po 
Pr 


This equation related the pressure due 
to the surface tension on the concave 


interface of radius N, (of a newly 
bubble, im this case) and the 


Plotting 


formed 
densities of the two phases 
maximum flux against the Kelvin equa- 
tion tended to bring the “humps” of the 
curves to a common position along the 
although the curves were still 
displaced ordinate. As a 
further refinément, the heat capacity and 
square root of length terms were added 
to obtain the present form of the pri 
which is 


absc Issa 
along the 


mary independent variable, 
plotted as the abscissa 

In order to unify the family of curves, 
a term was inserted in the ordinate 
with maximum flux representing the 
superheat flash a liquid 
The superheat was assumed to be the 


Clapeyron 


required to 
estimated from the 
equation with the 
rived by the Kelvin equation described 
equivalent to 2aT / 


value 


vapor pressure de- 


and 


prev iously, 
Ve, H, 


relation, it was 


In order to give the best cor- 


necessary also to use 
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the liquid density, temperature, Prandtl 
number, aml square root of the tube 


length in the ordinate term to adjust 


the curve to its present form, which is 
presented in Figure 1 
A second correlation which was at 
tempted was that of the boiling film 
coefhcients at the point of maximum flux 
The heat transfer rate at the limiting 
flux condition is of 


problems because it permits an estimate 


value in design 


to be made of the steam chest pressure 
required to obtain the maximum capacity 
of the reboiler The correlation pre 
sented in Figure 6 is of 
design engineer in this manner although 
to make certain sim 


value to the 


it was necessary 
plifying assumptions in its derivation 
rherefore, the correlation is probably 
not as theoretically sound as the more 
generalized correlations given by Guet 
rieri and Talty (17) 

In an attempt to correlate heat trans 
fer coefficients at the points of maxi 
mum flux, it was found that the abscissa 
term from Figure 1 could be plotted 
against the Prandtl number and Nusselt 
number in the ordinate, with appropri 
heat 


to obtain a fair correlation 


ite exponents tor transier equa 


tions, Since 
it was not possible to measure the indi 
vidual film coefficients in the ex 


reboiler, the proces side 


perimental 
coethcient was estimated from the over 
all 


resistance and an 
5 000 


value by subtracting out the metal 
assumed steam co 
efficient of B.t.u./ Chr.) (sq.ft. ) 
F.) 

Standard heat transfer equations for 
forced convection cases usually describe 


the Nusselt 
Reynolds and 


number iS a ftunction ot 
Prandtl 


to the followmg 


numbers in a 


manner similar 


\ ( (R,)°*(P,)9* 


However, special cases sometimes defy 
Reynold 


convection 


number, as 
The 


Grashof number has been 


the evaluation of 
in the case of free 
dimensionless 
used successfully in the past as a modi 
fication of the Reynolds number in case 
involving free convection 

A similar situation appears to be in 
reboiler me 


volved in thermosiphon 


chanics, which is complicated by un 


steady and nonuniform conditions of 


fluid flow In liew of a theoretically 


Chemical 


derived dimensionles 
plotted along the 
and 2 is 
Reynold 

ment ire 


data 


ate the radius of the 
bubble (N) 
equation 
pendent or the ize of i 
which the 
of the 
affect thi 

eve! 
limited by 
tion 
ably be 
smooth 
event 


data (N) wa 


eliminate these 
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Fig. 6. Experimental thermosiphon reboiler 
Correlation of maximum flux 
x = | oCp 0 
oT 10 / 


Fig. 7. Experimental thermosiphon reboiler 
Correlation of process film coefficients 
x = (ft — Pe} 
oCp 10 
Cpu \* 
z= 


term, the variable 


ubscissa im Figure l 


4 used as a substitute for the 


number until further refine 


made possible by additional 


bor practi il pur pore the abs 


ssa term finally arrived at appears to 


describe both heat transfer and me 
chanical effects which limit the flow of 
fluid at maximum flux 


No ittempt ha been made to evalu 
formed 
Kelvin 


theoretically ce 


newly 
obtained im the 
Since NN 
nucleus oF 
bubble 


wall can he 


forms, the roughnes 
expected 
value. It i 

that the effect of 
the rapid kinetics of ebull) 


probable how 


roughne i 


roughness can prob 
tandard 
tubing In any 


and therefore 
ignored in type ot 
wall reboiler 
because of lack of experimenta 
used as a constant a 


umed value ot 10 


It may be noted that the maximum 
flux correlation contains certain term 
on both the X and Y axes of Figure |! 
However, there is no mple way to 


terms because the curve 


not straight on a log-log plot 
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Design and Operating 

Because heat transfer rates and maxi- 
mum allowable fluxes in a thermosiphon 
reboiler are undoubtedly a function of 
the physical characteristics of the re- 
boiler as well as the physical properties 
of the fluids, it is recommended that 
the data presented in this study be used 
with a safety factor in the design of 
large reboilers. The only physical char- 
acteristic which was evaluated in this 
study was tube length, and even on this 
point the data are limited. 

Perhaps the most important variable 
is that of the top head and nozzle. The 
suggested mechanism of the causes of 
vapor locking indicates that any restric- 
tion to the flow of vapor and liquid out 
of the top of the reboiler will cause a 
decrease in the maximum flux. As 
shown in Figure 1, the experimental 
reboiler had a long sweep ell for an 
outlet head, which produced a minimum 
of resistance to flow. However, in a 
more typical design, as in Figure 8, 
there is more resistance to flow, and 
therefore a reboiler of this design would 
be expected to have a lower vapor-lock 
point than the experimental reboiler. 
The experimental data and correlations 
of this paper have been checked against 
a few plant reboilers of the type in 
Figure 8, and their maximum fluxes 
vapor locking actually were 
lower than the predicted values by fac- 
tors of about 0.6 to 0.8. Therefore, for 
design purposes, it is recommended that 
the values for both the maximum flux 
and the film coefficient at the limiting 
flux be multiplied by a factor of 0.6. 

The variables leading to vapor lock- 
ing also suggest that anything that can 
be done to increase the resistance to 
“kickback” will permit higher fluxes be- 
fore vapor locking. This point has been 
checked qualitatively in plant reboilers 


before 


in a few cases by two different ap- 
proaches. First, the use of higher liquid 
levels has apparently increased the al- 
lowable flux. Second, the use of a re- 
striction, such as an orifice plate, in 
the liquid line to the bottom head also 
has increased the maximum allowable 
flux. It seems apparent that more ex- 
perimental data are needed on the vari- 
ables of tube length, tube diameter, 
nozzle sizes, and head design. 

In the use of these data for reboiler 
design, it should be noted that the data 
are for Admiralty tubes and the cor- 
responding U values for carbon steel 
or stainless tubes are materially less in 
the higher ranges. Caution is advised 
in designing reboilers for U values much 
in excess of 500 B.t.u./(hr.) (sq-ft.) 
(° F.) due to the pronounced effect of 
a small amount of fouling; for ex- 
ample, a fouling factor of 0.0005 B.t.u./ 
(hr.) (sq.ft.) (° F.) will drop a U value 
of 1,000 down to 667 B.t.u./(hr.) (sq. 
ft.) (° F.). 

It is thought that good operating 
practice for a thermosiphon reboiler is 
as follows: 


1. Establish a liquid level in the column ap- 
proximately level with the top tube sheet of 
the reboiler before turning on steam. 

2. Gradually increase the steam rate to the de- 
sired operating point. A rapid increase in 
steam rate would probably cause the re- 
boiler to vapor-lock much below the limiting 
flux. 

3. If the reboiler should vapor-lock (as evi- 
denced by either ao rapid increase in re- 
boiler steam chest pressure or by audible 
surging) then the steam rate to the reboiler 
should be reduced to such a point thot 
either the audible surging stops or the chest 
pressure goes down to the value it had 
before the sudden increase was noticed. 
Then the steam rote can be slowly increased 
to the desired operating level. 


Fig. 8. Typical Celanese Corporation thermosiphon reboiler design standards. 


A typical reboiler design is outlined 
in Figure 8 along with a condensed 
table of Celanese standards on reboiler 
design. Fixed tube sheets are used here 
in all cases; in the case of 10-ft. tube 
lengths an expansion bellows is included 
in the shell. Wear plates (formed from 
the dropout from cutting manhole open- 
ings) are usually installed opposite the 
reboiler vapor nozzle as a protection 
against erosion of the column wall. 


Cp = specific heat of liquid, 8.t.v./(Ib.)(° F.) 
d = tube LD., ft. 
h = film coefficient, B.t.u./(hr.)(sq-ft.)(° F.) 
H, = latent heot of vaporization, 8.t.u./Ib. 
K = thermal conductivity, 8.t.v./(hr.)(ft.) 
(* F.) 
lL = tube length, ft. 
M, = molecular weight of vapor, ib./lb. 
mole 
T = temperature, R. 
U = overcll heat transfer 
B.t.u./(he.)(sq.ft.)(° F.) 
(UAT) = heat flux, 8.t.u./(hr.)(sq.ft.) 
@ = surface tension, dynes/cm. 
= liquid density, Ib./cu.ft. 
Pe = vapor density, lb./cu.ft. 
= viscosity, Ib./(hr.)(f.) 
N = radius of newly formed bubble, 
Kelvin equation 


coefficient, 
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plants near the sources of natural gas where maximum 
advantage of the high efficiency engine may be realized. 


Assistant General Soles Manager 


The Cooper-Bessemer Corporation 
Mount Vernon, Ohio 


T. O. Kwivinen 


Technical Division 
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he chemical industry is placing more 
emphasis on operating economy and 
flexibility in its evaluations of “pack 
aged power” equipment. With the in 
creased availability of gaseous and low 
grade oil fuels since World War II and 
with the migration of the chemical in 
dustry to the geographic al areas where 
these fuels are produced, it is under 
standable that high efficiency engines 
have received favorable attention for 
compressor drives. How this modern 
engine drive meets the criteria of opti 
mum economy and flexibility will be 
discussed in this paper 


The Two-cycle Gas Engine 


Until the mid-1940's the best two 
cycle gas engines for compressor drives 
were rated at 60 b.m.e.p. (brake mean 
effective pressure) at speeds up to 300 
rev./min., at fuel consumption rates of 
about 10,000 B.t.u./b.hp./hr 


Since that time improvements have been ef- 
fected in combustion chamber design, cylinder 
porting, ond fuel-gas injection. Reciprocating 
scovenge pumps have been reploced by centri- 
fugel scavenge pumps, both geor driven and 
exhaust turbine driven. Progress also has been 
made in burning notural gos ot higher com 
pression ratios than previously had been deemed 
P is avoided by keeping the 
air cooler os it enters the power cylinders. 


Det +i 
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HIGH EFFICIENCY 
ENGINE AS A 
COMPRESSOR DRIVER 


The latest version of the Cooper-Bes 
semer type GMVA compressor engine 
is shown in Figure 1. It is a 14-in 
bore by 14-in. stroke engine, rated 135 
hp./eyl. at 300 rev./min, Scavenging 
ain is compre ed by an efferent gear 
driven centrifugal blower Figure 2 
shows its fuel consumption rate tor var 
iable b.m.e.p. and at full-load rating it 
is 7,500 B.t.u./b.hp.-he 


\ larger 18-in. bore by 20-in, stroke type 
GMWA unit of similar construction ts 
shown in Figure 3. It is rated at 250 
hp./eyl. at 250 rev./min. Its fuel con 
sumption rate is slightly better as shown 
in Figure 4 and at full-load rating it is 
7,350 B.t.u./b.)p. 


This performance demonstrates real 
progress im engineering developments 
within the relatively short period of less 
than ten year 

Not only was fuel con umption re 
duced and ratings increased, but it has 
also been possible to attain other econo 
mies. Less heat is wasted to the cylin 
der walls and to the exhaust, resulting 
in a much lower heat lo to the 
cylinder and manifold water jackets, 
requiring less auxiliary equipment in 
vestment for items such as radiators or 
cooling towers 

A picture of the saving in heat-dissipa 
tion equipment may be seen by reviewing 


the performance of the 14-in. bore by 
14-in. stroke GMVA unit. Its predecessor 
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a 
Fig. 1. Type GMVA 
J 
= 


Fig. 3. Type GMWA compressor engine 


had a heat 
to the 
to the 


of the bore and stroke 
transfer rate of 2,900 B.t.u./hp.-he 
cooling water and 650 B.t.u./hp.-he 
piston cooling oil. A lO0-cyl. engine was 
rated 1,000 hp. The improvements mad 
on this unit reduced these heat transter 
rates to 1,700 and 460, respectively while 
enjoying an increased rating of 1,350 hp 
he earlier construction required equip 
ment to handle 2,900,000 B.t.u./hr. for the 
jacket water and 650,000 B.t.u./hr. for the 
oil system for a unit size of 1,000 hp, The 
modern unit, requiring no more = space 
rated at 1,350 hp., heat-dissipation 
equipment to handle 2,295,000 B.tua./hr. for 
the jacket water and 621,000 B.t.u./hr. for 
the oil system. The jacket water heat-<is 
sipation rate is reduced 219% while enjoying 
Phese 
and 


needs 


a horsepower rating increase of 45% 
are real installation 
operating 


economies in 


costs 


Type of Engine 


Low compr. gas engine 
Atmospheric diesel 
Supercharged diesel 
Supercharged gos-diesel 
Supercharged gas engine 


——— 
| FUEL 
TYPE GMVA GAS E 


CONSUMPTION 


NGINE 


(LOW HEAT) 


300 40 $0 60 
ever 


Fig. 2. Specific fuel consumption of Type 
GMVA engine 


FUEL CONSUMPTION. BTUs/BHP/HR 
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Four-cycle Gas Engine 


Cooper Bessemer 
the Buchi 
system of supercharging the diesel en- 
gine by the use of the exhaust gas 
turbine-driven centrifugal blower. En 


In the mid-thirties, 
licensed the application of 


gine ratings were increased by packing 
more pounds of air into the cylinders 
so that more fuel oil could be burned 
Use of supercharged diesel engines grew 
and reached all fields. The higher rat 
ings resulted in more horsepower in a 
unit of and 
per horsepower for 
building, or for housing in vessels, loco- 


therefore less cost 


foundations 


space 
and 


motives, et 


Heat Dissipation 
B.t.u./bhp. 


jocket lube 


water oil 


450 
450 


Rating in 
B.M.E.P. 


3900 
2200 
1300 
1300 
1300 


FUEL CONSUMPTION 
TYPE GMWA GAS ENGINE 


BHPsHR 


(LOW HEAT VALUE) 


30 60 70 


FUEL CONSUMPTION, BTU 


Fig. 4. Specific fuel consumption of Type 
GMWA engine 
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As the price of fuel oil increased in 
the postwar period the gas-diesel en- 
gine was developed. Natural gas was 
introduced in the intake air stream just 
ahead of the cylinder intake valve.* A 
small amount of diesel fuel was injected 
as in the full the 
operated smoothly with no detonation 
resulting from the high 
ratio used in the diesel. Self-ignition of 
the gas did not occur because, at diesel 
compression the mixture was 
much leaner than required for ignition 


diesel and engine 


compression 


ratios, 


by heat of compression 

Why not replace the pilot diesel fuel 
used electric 
spark? By 
strengthening of the 


for ignition with ar 


careful development and 
ignition system the 
supercharged four-cycle gas engine be 
Performance the 
the 


engine 


came a reality 


superc harged gas diesel and 
spark-ignited ga 


practically identical 


supe! 
charged was 

An important development during the 
last involved 
the 
led to cooling the engine intake air so 
that still ould be 
tolerated without detonation 


refinements in 
Research 


four years 


supercharging process 


higher pressures 


This permitted using higher compres 


sion ratios with correspondingly im 


proved ratings fuel-consumption 
rates. 
Figure 5 


gas engine driving 


shows the high efficiency 
a multistage com 
rhis par 


bore by 


pressor in a chemical plant. 


ticular 15'4-in 


22-in 


engine 1S a 
stroke usually turning 327 rev., 
is built in 6-, 8-, V12-, and 
Figures 6, 7, 


min. and 
V l6-cyl 
and & show the fuel consumption rates 
of this engine 
supercharged 


combinations 


when operating as a 


diesel, gas-diesel, and 
spark-ignited gas engine, respectively. 

The two gas-burning versions of engine, at a 
rating of 145 b.m.e.p., operate with a thermal 


efficiency of nearly 41%. This is an efficiency 


level attained by no other type of prime mover. 
Combine this with a plant location in geograph- 
ical areas where natural gos is produced (or 
delivered at minimum cost) and one has power 


produced at unusually low cost. 

The four-cycle engine requires less heat 
dissipation equipment Progress in this 
area is shown in Table 1 by the change 
from 3,900 B.t.u./hp.-hr. for the old, low 
compression gas engine rated at 70 b.m.e.p 
to only 1,300 B.t.u./hp.-hr. for the super 
charged version at 145 b.m.e.p 


Table 1 shows that this development for 
an &cyl. 15%-in. bore by 22-in. stroke 
engine turning 327 rev./min. resulted in its 
horsepower output being increased from 
960 to 1,990 or 107%, while the cooling 
equipment for the jacket water decreased 
from 3,750,000 B.t.u./hr. to 2,590,000 B.t.u 
hr. or a reduction of 31%. The heat trans 
fer to the lube oil (which is used as the 
piston coolant) increased slightly from 
432,000 B.t.u./hr. to 567,000 B.t.u./hr. The 
total heat to be dissipated decreased from 
4,182,000 B.t.u./hr. to 3,157,000 or a redux 
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Table 1. 
4 — 
20 
‘ 145 365 
145 285 
145 285 
17000 17000 
| | 
9000) + + + + + $—+-+ 4-44 9000 +-—+—4+ 
RATING 


tion of 2444% for the 107% 


power output. 


increase im 


Economics 


The previous discussion has centered 
around It is extremely 


difficult to present relative economics of 


per formance. 


chemical plant compressor installations 
for various types of prime movers be- 
cause of variations dependent on geo 
graphical location which may affect fuel 
or power costs, the process involved, 
size of plant, etc. 

Some highlights of one economic 
analysis are in Table A (8,000 
hp. in compressor units required). 

The summary in Table A_ indicates 


fewer expenditures per year for the high 


shown 


efficiency engine-driven compressor of 
$289,400. The difference of $800,000 in 
original investment is paid out in 2.76 
yr. Other studies different 
results, but the high efficiency engine 
will usually be attractive, particularly in 
areas of low fuel cost 


will show 


ase FUEL CONSUMPTION | | 
LSV TURBOCHARGED OIESEL 
| 
es 
z 
°° 
a 7 0.36 
=) 
4 i. 
30 $0 70 90 "0 130 150 
Fig. 6. Specific fuel consumption of Type LSV-16 


supercharged diesel engine. 


FUEL CONSUMPTION 
| 
8000} 
or 
| 
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30 $0 $0 180 70 


ever 


Fig. 7. Specific fuel consumption of Type LSV-16 
supercharged gas-diesel engine 


rut OnNSuUMPTION 
SV SUPER CHARGED GAS ENGINE 


etusexerne 


sooo! 
30 


Fig. 8. Specific fuel consumption of Type LSV-16 
supercharged spork ignited gos eng 
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Fig. 5. Type LSV-16 engine driving reciprocating compressors 
in @ chemical process plant 


Table A. 


Installed cost of engine-driven compressors at $250/hp $2,000,000 
Installed cost of motor-driven compressors at $150 hp $1,200,000 
Operating cost of engine-driven compressors 
engine maintenance at $1 /hp./yr $ 8,00 
compressor maintenance at 0.90/hp./hr 7,200 ‘ 
fuel at $0.20/1000 cu.ft 87,600 
lube oil at $1.10/hp./yr 8 800 
fixed charges at 13% (taxes, insurance, depreciation, interest, etc.) 260,000 
Total operating cost per yeor $371,400 ' 
Operating cost of motor-driven compressors 
motor maintenance at $0.35/hp./yr $ 2,800 
compr. maintenance ot $0.90/hr./ yr 7,200 
495,000 
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power cost at $0.009 ‘kw. -hr 
fixed charges at 13% 


Total operating cost per yeor 


Fig. 9. Type JM power driven compressor unit 


Lequipment 
156,000 
$661,000 
! 
| 
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Fig. 10. Standard low pressure compressor 
cylinder. 


Compressors 


Figure 9 illustrates a typical com 
pressor that can be motor driven or en- 
gine driven. This illustration also shows 
various types of compressor cylinders 
that may be applied for different serv- 
ices, Other types of cylinders are avail 


able for the many processes used in the 


Fig. 15. Multistage centrifugal compressor 


chemical industry including pressures 
above 20,000 Ib. /sq.in. 


Figure 10 shows a typical design for 


low-pressure compressor cylinders, Fig- 
ure 11 illustrates medium-pressure-de- 
sign construction utilizing Meehanite 
gray iron up to its tolerable pressure 


Fig. 13. Extremely high pressure plunger-type compressor cylinder. 


ors 

u's 
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Medium pressure compressor cylinder. 


Fig. 11. 


limit and nodular iron at the higher 
pressures that this stronger material 
endures. In this illustration are shown 
different valve arrangements to indicate 
the flexibility available with single- and 
double-deck valves with various sizes of 
unloaders enabling operation at various 
pressures and minimum valve velocities. 

Figure 12 is a different design for 
medium to high pressure service with 
the severe stresses caused by the vary- 
ing cylinder pressures reduced by pre- 
stressing the material in compression 
through use of tie bolts in the critical 
zones. This feature is used in several 
Meehanite, nodular iron, cast steel, or 
forged steel constructions 


HIGH PRESSURES 


Extremely high pressures are handled 
be employing a forged-steel-plunger-type 
compressor as shown in Figure 13. The 
plunger is made of extremely hard ni- 
trided steel to withstand the wear in- 
duced by the packing under such high 
pressures. 

Automatic unloading for varying 
operating conditions can be accom- 
plished in several ways, depending upon 
the service requirements. These include 
suction opening valves, pneumatic un- 
loader pockets, etc. 

One scheme for providing automatic- 
ally operated variable-volume clearance 
is shown in Figure 14. A pilot-operated 


Fig. 12. Medium to high pressure compressor 
cylinder with tie bolt construction. 


hydraulic cylinder positions a bronze 
ringed piston within a chamber in the 
outer cylinder head of the compressor 
cylinder. The position of the piston con- 
trols the clearance volume of the out- 
ward stroke of the compressor piston to 
suit the volume requirements. 


CENTRIFUGAL COMPRESSORS 


There are many processes that lend 
themselves to the use of centrifugal 
compressors. Pressures and volumes re- 
quired for the process being used may 
indicate a desirability of using a centri 
fugal compressor instead of a recipro 
cating compressor. A 5-stage compres 
sor is shown in Figure 15. When driven 
by the high efficiency gas engine 
through step-up gears a high over-all 
efficiency is attained. Decision as to 
whether centrifugal or reciprocating 
compressors should be used for a par- 
ticular process must be made by study- 
ing and comparing the engineering and 
economics facts for each case. There 
is no definite set of circumstances that 
dictate the preference of one over the 
other. Such studies usually disclose the 
use of the high efficiency gas engine as 
a prime mover, whether the driven ma- 
chine is a centrifugal or a reciprocating 
compressor. 


Presented at A.l.Ch.E. meeting, Loke Placid, 
New York. 


Fig. 14. Hydraulically operated variable clearance pocket. 


4 

~*| 

Page 168 April, 1956 


Aerial view of @ portion of Baton Rouge’s 


billion-dollar industrial area 


verything is now ready at New Or- 
New Orleans and Baton 
Sections, co-sponsors of the 


leans 
Rouge 
meeting, are braced to give the big wel- 
come to invading chemical engineers— 
and their ladies. For the ladies the pro 
gram is set, the technical sessions have 
had their final polishing with no changes 
in the offing, the night clubs and restau- 
rants have their doors open and the 
tables dusted. All that remains is to 
pack your bags and come to New Or- 
leans 
There's going to be a television pro- 
gram on Sunday afternoon, May 6, on 
a theme closely related to the panel dis- 
cussion of “Financial Aid to Colleges.’ 
Presented by Tulane University, in co- 
operation with A.L.Ch.E., the program 
will last a half hour, will dramatize the 


TWO TEAMS—ONE MEETING 

Two teams can be better than one, 
particularly when they have the spirit 
and drive of the co-sponsoring groups 
for the New Orleans meeting. Teams 
behind the forthcoming meeting are 
the Baton Rouge and the New Orleans 
Local Sections. 
Each has a meeting general co-chairman 
and other staff members who occupy 
posts on various committees. Members 
of the two teams that could be caught 
recently by the camera are shown in 
the accompanying photographs. 


Governale, vice-chairman, Entertainment; J 


man, Arrangements; J. A. Polack, 


Governale 


Some of the members of the Baton Rouge team are, (! 
W. Melancon 


Alfred Smith lil, chairman, Registration; M. O. Gernand, vice-chairman, 
Hotel & Meeting Rooms; B. S. Pressburg, co-vice chairman, Arrange- 
ments; E. A. Gaskill, vice-chairman, Printing; L 


co-chairman, Ladies Program; H. E 
Technical Program; and R. H. Bretz, chairman, Finance 


Did you see the announcement of 
o Liquid Metals Discussion Session 
(p. 58, March C.E.P.)? 

Those participating in 
an informal individual 
problems, who have not contacted Prot 
Bonilla at Columbia, should do so even 
though the original deadline of April 20 
is passed. If this is inconvenient, he 
should be contacted at the New Orleans 
meeting, well before the discussion ses 
sion on the 9th. 


interested in 
discussion of 


advantages of choosing a_ scientific 


career, will also bring out the present- 
day shortage of scientific and engineer- 
Certainly there is a cry- 
ing need for more programs like this 
today. Chemical engineers will do well 
to be on hand to see the program, evalu- 
ate its contribution and the practicality 


ing graduates 


of many such programs throughout the 
country. 

A special all-day 
May 7, is planned for 
chairmen and vice-chairmen, 
members are also expected to attend.) 


meeting, 
Section 


Monday 

Local 
(Council 
Tentative topics are: a report ot the 
Membership Committee presented by the 
chairman, J. J. McKetta; and a presen 
tation and discussion of the work of the 
Professional Development and Dinsmore 
Committees 


tor), J 
Program; 


Baton Rouge trip main feature 


NEW ORLEANS—LAST CALL! 


Last-minute developments expand and 
enhance National Meeting for May 6-9 


Then, W. I 


Engineers’ Council for Professional De- 


Lobo will talk on E.].C. 
and participation in it 
velopment will be discussed by W. L 
McCabe, and last year’s A.1.Ch.E presi 
dent, B. F 
est developments in the new Engineer 


Dodge, will discuss the lat 


ing Center project 

There luncheon 
attending, and considerable discussion of 
the problems of communication between 


will be a for those 


the national organization and the local 
sections, the operational and financial 
problems of the local sections 

We've said just we could 
say about New Baton 
Rouge in the February and March is- 
If you're not convinced it's time 


about all 


Orleans and 


sues 
to come to New Orleans, you never 
will be—and, frankly, we think you 


would make a big mistake by not com 
ing. We'll see you there 


Some of the members of the New Orleans team 


UNUSUAL PLANTS TRIP TO BATON 
ROUGE AREA 
The attention of C.E.P.'s readers is in 
vited to the day-long plents trip that 
will take chemical engineers and guests 
to the Baton Rouge industrial area--one 
of the ovutstending concentrations of 
process industries in the U. 3. Four 
plents are to be visited: Ethy!, Esso 
Kaiser : and Allied’s Solvay 
Trip will teke place Monday, May 7th 


Aluminum 


(l. to +), (seated), 


Walter Godcheux, co-chairman; John R. Tusson, coordinator, 

H. Stephens, co-chair Ladies Program; Edwin 8. Cousins, secretary; Henri J. Molaison, 

chairman, Plant Trips; Mra. L. J chairman, Printing; Alton S$. Hall, vice-chairman, Finance; (standing) 

O'Connell, chairman, Carl W. Peters, covice chairman; and John H. Bryant, chairman 
Entertainment 
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THE PROJECT ENGINEER 


PART Il 


What types of companies, who in those 
companies, participated in the survey? 
In this second part of C.E.P.’s report on 
the survey, these details are given as 
well as those on special training, the 
consulting engineer, the savings made 
by using a project engineer. 


Carl W. Barkow 


College of Business Administration 
University of Tennessee 


hen it comes to salaries, responsi- 

bility, training, how does the project 
engineer fare in relation to the type of 
chemical or petroleum company he is 
in, and the size of that company? Table 
] gives the answer to this, 

At the same time, when considering 
the results of a survey such as this, the 
type of sample, the position of the man 
answering the questionnaire, are impor 
tant for proper evaluation. (See Tables 
2 and 3.) 

The questionnaire, on which the sur 
vey results are based, was sent only to 
those companies which were likely to 
have an engineering division, and which 
were expanding. A definite attempt was 
made to exclude companies under 500 
employees, since few such companies 
use project engineers in the true sense 
of the term. The questionnaire was pre- 
tested, but probably should have in 
cluded a question on the amount being 
spent by the company for expansion. 

In most cases very little relation was 
found between the size or type of com- 
pany and either the characteristics, sal 
aries, or positions of the project engi- 
neers or the engineering department. In 


(Continued on page 54) 
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Table 1.—Years of Experience Required of Project Engineer, Type of Company, Size of 


Compeny, Degree of Responsibility, Salary, and Training 


Type of 
Compony 


Three Yeors Experience Required 

Soaps & Detergents 100- 500 
Pharmaceutical 500- 1000 
Refining ‘ 36,000 

Atomic Energy 100-500 
Chem. Manvf. 1000- 5000 
Synthetic Rubber 1000- 5000 
Distillery 1000-5000 


Four Years Experience Required 


Synthetic Fibers 5000 + 
Refining 4020 


Five Years Experience Required 


Atomic Energy 
Refining’ 
Soaps & Detergents 
Petrochemical 
Chem. Manf. 
Plastics 
Refining’ 
Resins 

Atomic Energy 
Pharmaceutical 
Refining’ 
Explosives 
Plastics 

Chem. Manvf. 
Chem. Manvf. 
Refining 
Refining’ 
Refining’ 
Atomic Energy 
Atomic Energy 
Refining’ 
Petroleum Chem. 
Chem. Manvf. 
Chem. Manuf. 


1000. 5000 
500-1000 
1000- 5000 


Ten Years Experience Required 
Refining’ 
Synthetic Fibers 
Synthetic Fibers 
Synthetic Rubber 
Chem. Manvf. 
Photographic 
Organic Chem. 
Chem. Manuf. 
Distillery 
Refining 
Heavy Chem. 
Chem. Manuf. 
Refining’ 
Petrol. Additives 
Pharmaceuticals 


Electro-Chem. 


Fifteen Years Experience Required 
Refining’ 1000- 5000 
Chem. Manufac. 1000- 5000 
Chem. Manvf. 

Electro-Chem. 

Heavy Chem. 

Refining 

Glass 

Refining’ 


Synthetic Filters 5000+ 


‘These are major refineries also engaged in petr 


Salary Ranges in $/Month 


Asst. Project 
Proj. Engr. Engineer 


700-800 

500-600 
no answer 

600-800 


no onswer 


500-700 


700 


no answer 


$38 
888 £22222 222258 


no answer 


700 800 


8 


8 88838 


8 88888 


88 88 
88 88 


no answer 
no answer 
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+ 


3338838 


3839993333993 3: 


883333343 


Complete 
hy Company bility Training 
500-600 500-600 
500-600 600-900 
OS yes no answer yes 
: yes 500 600 600-700 yes 
ae 5000 + no 600. 700 no 
30,000 +- no 500-800 yes 
5000 + yes 800 no 
1500 yes 500-700 no 
‘ 6000 no 500 600 yes 
4000 yes 500-70¢ no 
5000+ no no answe no 
‘ 525 yes 500 800 I yes 
1000 5000 yes 600-700 
; 5000 + no 600 700 
1000. 5000 no 500 600 
1000-5000 yes 500-700 
1000. 5000 yes 600-700 
520 no 
5000+ no 500-700 
. 5000 + yes 600-700 
3000 yes no answe 
8000 yes 500 600 
conve 
yes 600 800 
5000 no 700-800 
yes 1000 + 
yes 700-800 
yes 600-700 
00 yes 900- 1000 +- 
+ yes 1000+ 
+ yes 800-900 
no 800-900 
no 700-900 
no Ino answer 
partial 700-900 : 
5000 yes 600-700 
30 yes 
yes 
5000 + yes no answer 
yes 600. 800 1000+ 
\ no 700-800 1000 + 
yes 500-600 800-900 
i yes 700 800 1000 +- 
ts yes 700 1000 +- 
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SADDLE 


| In the five years since Intalox saddle packing was 
first presented to chemical engineers as a uniquely 
new and different tower filling material, it has 
earned widespread acceptance. 

Its better HTU values has permitted reduced tower 
heights resulting in savings in construction costs; its 
lower pressure drop has permitted savings in initial 
investment in blowers and pumps and substantial 
reduction in operating costs; its higher flooding 
limits have permitted higher liquid and gas rates. 
This improved performance stems from the unique, 
patented shape of Intalox — a shape which makes 
possible maximum contact area between liquid and 
gas with minimum resistance to gas flow. A 
comparison of published data shows that size for 
size, Intalox offers: a greater number of pieces per 


cubic foot, a greater total surface area per cubic foot, 


a higher percentage of free space and less weight. 
Of even more importance than the greater physical 


surface area offered by Intalox is the fact that virtually 


all of the greater area is accessible surface area. 
For no two pieces of Intalox can “nest” to render 
ineffective any significant portion of the packing. 


Intalox saddle packing is monufactured in 
white chemical porcelain and in chemical 
stonewore. It is made in six nominal sizes: 
4", 1%, 1%" ond 2”. Full technical 
data is given in Bulletin $-29, free on request. 


= 
< “>= 


U. S. STQGNEWARE 


AKRON 9, OHIO 


, 
3 y 
¢ 
9 
SADDL | 7 
PN 
Bs 
| 


THE PROJECT ENGINEER 


(Continued form page 52) 


general the larger companies seemed to 
give less responsibility to the project 
engineer, require a higher educational 
keep a closer budget check, 
give special training, and pay a 
bit more, but the differences were so 
slight as to be quite inconclusive. 

The author believes that an additional 
95 replies would not change the trends 
and conclusions found in this study and 
that the results in both Parts I and II 
are typical within the chemical and 
petroleum industries, always remember- 
ing that the smaller companies have 
been excluded for the purpose of the 
study. 


standing, 
more 


Savings Made 


Without going into the actual amount 
of money saved, the companies were 
queried as to the areas in which sav 
ings were made by using the project 
engineering concept. Of the companies 
queried, 86 answered the question, with 


Table 2.—Companies Answering 
Questionnaire 


(By Type of Major Production) 
Major Chemical Manufacturers 
(DuPont, Carbide, Dow, etc.) 
Other Chemical Manufacturers 
Refining (Most also Petrochem.) .... 
Pharmaceuticals 
Atomic Energy ... 


Petrochemical 
Synthetic Fibers 
Synthetic Rubber 


75 emphasizing savings in design co- 
ordination, 68 in field coordination and 
construction, 67 in scheduling, 47 in 
determining the scope of the project, 
and 35 in purchasing and procurement 
Once again the project engineer's 
greatest value seemed to lie in design, 
construction and scheduling. 


The Consulting Engineer 


From the survey i: seemed that the 
companies use consulting engineers only 
sparingly (61 said no, 8 sometimes, and 
only 23 said they used them). However, 
here was a problem of semantics. I/ 
engineering-construction firms are con 
sidered to be “consulting engineers,” 
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then the companies made great use of 
them (See table in Part I, March 
1956). But if, as the questionnaire 
assumed, a consulting engineer is one 
who is a specialist in some non-construc- 
tion phase such as process design, equip- 
ment development, water treatment, etc., 
then they are used very little. The 
question remains, where do these spe- 
It would 


cialists get their fees? seem 


to be a field for further study. 


Specio! Training 


Of the 95 companies which answered 
the questionnaire, 56 do not give any 
type of special training to a project 
engineer, 31 do, and 8 declined to 
answer. Of the 31 “yes” answers, 23 
give training before the engineer takes 
his position and 14 after. 

The means employed for this training 
were many, with special coaching being 
the most popular. Giving the would-be 
project engineer the position of “assist- 
ant” seemed to be considered the next 
best approach, with company 
following. Seminars were next in order 
of frequency of use, and college courses 
pulled up the rear. The fields of train- 
ing were varied, with planning, organi- 
zation, human relations, and budget be- 
ing the most important in the view of 
the companies. 


courses 


Table 3.—Positions of Persons Whe 
Replied to Questionnaire 


Vice President (Eng’g, Manvf., etc.) 

Director, Manager, of Di- 
vision 

Plant Monager, Plant Superintendent, Refin- 
ery monoger, etc. 

Chief Engineer 

Plant Engineer a 

Manager of Project | 
Eng’g., etc. 

Project Engineer . 

Administrative Asst. 

Personnel or Industrial Relati 


Here, size of company had a consider- 
able bearing. Only 4 of the 31 compan- 
ies with training programs were under 
1000 employees, and 17 in the over 5000 
group. Training costs money, time, and 
considerable effort, and this probably ac- 
counts for the larger companies doing 
more of it. 

Nevertheless, the fact that the major- 
ity of companies do not have formal 
training for the position seems to be in 
opposition to the accepted trend today, 
and probably could also be studied more 
thoroughly to advantage. 


Status of Engineering Division 


Covered briefly in Part I, the position 
of the engineering department within 
each company is important enough to 
warrant greater detail. In Table 4, 
is clear that the majority of engineering 
departments or divisions do not have 
general management status, i.e., headed 
by a vice-president or some official who 
reports directly to the president. 

To see the import of this, it must be 
noted that in these same companies the 
great majority of production or manu- 
facturing divisions, and industrial rela- 
tions divisions, have such general man- 
agement status. 

Further, in Table 4, a 


comparison 


is made between the results of this sur- 
vey, limited to engineering divisions 
within chemical and petroleum compan- 
ies, and those of a National Industrial 
Conference Board survey for engineer- 
ing divisions in all types of companies. 
The results show a definite tendency for 
the chemical and petroleum industries 
to give less status to engineering divi- 
sions than industry in general. 

It does not require proof that the 
higher level of status a division has 
within a company, the more effective its 
operation, authority and decision-mak- 
ing power will be. 

The tendency shown in this survey 
would certainly stand further study. 


Table 4.—Stetus of Engineering Division 


NICB Report No. 139 
(All Industries) 


Engineering Division 
General Division Department 


Chemical Engineering Progress 


Author's Study 
(Chem. & Petroleum) 


Engineering Division 
General Division Department 
8 


21 
14 


7 
6 
7 
9 
4 
7 
3 
5 
| 
sees © 
Electrochemical ... 
Employees 
2 Less than 1000 
em 2 4 6 1000-5000 9 | 8 
21 10 7 Over 5000 17 4 
“4 24 4 15 Total 32 43 18 
: 46% 27% 27% % of Total 35% 45% 20% | 


BD 0 ton-per-day Nitric Acid Plant designed 
and built by C & I! for Sohio at Lima, Ohio. 

This plant is one of many large capacity, sin- 
gle unit plants recently completed by C & 1. They 
operate in excess of 345 days a year with excel- 
lent overall efficiency and minimum production 
costs. If you are considering nitric acid facilities 
it will pay you to consult C & I. 


250 ton-per-day 
Ammonium Nitrate 
Solutions Plant de- 
signed and built by 
C&l for Sohio at Lima. 


Write C & | for complete information on the new 
Spherical Form Ammonium Nitrate produced by the 
! CSC Stengel Process, now available through C & I. 


Tue Cuemicar AND InpustriAL Corp. 


CINCINNATI 26, OHIO 


Designers and builders of the world’s best plants for Nitric Acid © Phosphoric Acid © Ammonium Nitrate * Complex Fertilizer * Ammonium Phosphate 
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More than 86,680 welds 
in complex column 


by Downingtown 


Diameter: 11’ 11” LD. 
Total Height: 94’ 11”. 


Material: Stainless steel, Type 304, Carbon 
steel skirt and base ring. 


Shell Thickness: 2" and 


40 Trays and downcomers. 177 bubble caps 
and risers on each tray. 


Code Stamping: National Board and ASME. 


Sandblasted and pickle washed. Field tested by Downingtown... 
‘ inspected by customer and Hart- 
Downingtown welders completed more than _ ford...Code stamped on location. 


86,680 separate stainless steel welds during 
fabrication of this stainless steel column. Toler- 
ances of 1%”... even were 
maintained in the shaping, positioning and 
welding of thousands of stainless steel parts. 
Lapsed time from drawing board to final field 
testing: less than six months. 
Send for Bulletin PF. It tells the story of 
Downingtown skill and experience that enable —- 
us to breeze through complex fabrication jobs ¢)eciat jig for welding stainless 
like this one. steel risers to stainless steel tray. 


Downingtown Iron Works, Inc. 


HEAT EXCHANGERS STEEL AND ALLOY PLATE FABRICATION 
140 Wallace Ave., Downingtown, Pennsylvanie— Branch Offices: 
1458 S$. 66th St., Milwaukee 14 * 52 Vanderbilt Ave., Room 2032, New 
York 17 * 271 Hanna Bidg., Cleveland 15 ° 936 W. Peachtree St, N.W., 
Room 144, Atlanta 3 * 206 S$. LaSalle St., Room 765, Chicago 4 * 586 
Roosevelt Bidg., Los Angeles 17 * 4550 Main St., Room 234, Kansas 
City 6, Mo. * 106 Wallace Ave., Downingtown, Pa. 
CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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NUCLEAR NEWS 


“DOMESTICATED” REACTOR 
AT MIT 


First non-secret research reactor 
to be constructed in New England, 
MIT’s reactor will be used in ex- 
tensive educational program. 


MIT has selected ACF Industries, New 
York, to design its planned nuclear re- 
search reactor. As soon as the remain- 
der of the funds are secured, and AEC 


| and other authorities give their ap- 


proval, construction will begin. Con- 
struction work will also be done by 
ACF Industries through its Nuclear 
Energy Products Division. 

The reactor will be the “domesti- 
cated” type devoted to non-secret re- 
search on peaceful use of the atom. It 
will have a power of 1000 kilowatts, the 
same as that planned for the reactor 


| being constructed at the Univ. of Michi 


gan. It will operate at a temperature 
of only 104 degrees F.—cool compared 
to reactors which produce atomic power 
In design it will be similar to one known 
as the CP-5 at Argonne National Lab- 
oratory, using as fuel an alloy of 
uranium-234 and aluminum set in a gas- 
proof tank of heavy water. 

An intensive research program to de- 
velop new techniques for production 
of thorium metal powder has been 
underwritten by Metal Hydrides, Inc., 
and will be carried out by Batelle 
Memorial Institute. oO 


Standards in the nuclear field are 
coming in for considerable attention 
these days. The American Standards 


| Association has begun work on national 
| standards for the commercial and in- 


dustrial use of fissionable material with 
a Planning Committee for Standards in 


| the Field of Nuclear Energy under the 


chairmanship of Morhead Patterson, 
head of American Machine & Foundry. 

The American Society for Testing 
Materials has formed a Special Admin- 
istrative Committee on Nuclear Prob- 
lems to investigate standards for mate- 
rials and for testing materials used in 
nuclear energy development. 0 


| A preliminary study contract from 


the Government of India for a large 
heavy water and nitrogen fertilizer 


| plant to be built in northern India has 


been obtained by Vitro Engineering 
Division of Vitro Corp. This is the 
company's first foreign nuclear con- 
tract. 


New headquarters for General Elec- 
tric’s Atomic Power Equipment De- 
partment will be established in San 
Jose, Calif., if present plans work out. 


April, 1956 


y 
le 
| 
(CS 


AUTOMATIC CYCLING OF PLATE AND FRAME TYPE 
FILTER PRESSES 


Automatic, practically continuous, filtration is 
now available in a plate and frame type of 
filter with the Eimco-Burwell Filter. 

This filter developed to give a high rate of 
filtration on difficult, hard to filter, slurries 
where the particle size is measured in microns 
and where the filtrate must be brilliantly clear, 
has been used on slurries previously believed 
unfilterable on any automatic or semi-automatic 
filter. 

These Eimco-Burwell filters have in many cases 
improved the conditions in the plant by: (1) pro- 
ducing a clearer filtrate, (2) increasing the capac- 


ity of the filter station on amount filtered per 
square foot of filter area per hour. (3) Reducing 
to practically zero the shut down time required 
for cleaning. (4) Increasing media life per ton 
of production. (5) Reducing the operator's physi- 
cal labor. (6) Washing out more of the soluble 
values. (7) Upgrading the concentrate to a more 
salable product, and in many other ways increas- 
ing the general plant efficiency. 

Let Eimco provide you with data on filtra- 
tion of products similar to your own on an 
Eimco Filter designed to specifically handle that 
material. 


CORPORATION 


Export Offices: 


Bidg., 52 South St., New York City 
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TANTALUM... 
We know its 


value 
We use it 
Sparingly 


e make it a rule not to recommend tantalum 
OW unless it is the only right material for a par- 
ticular process. And when we design tantalum equip- 
ment, we use it sparingly—an easy task in most 
instances because tantalum’s strength and excellent 
heat transfer qualities make for minimum bulk. Where 
other materials of construction can be used in con- 
junction with tantalum, we specify them. 

All this is an effort—and so far, it has been a 
successful effort—to lower processing costs. The ben- 
efits of tantalum’s complete immunity (not mere 
resistance) to most corrosive reagents are now ob- 
tainable at final operating costs far less than the costs 
of processing without tantalum. 

Why not discuss your corrosion problem with 
Fansteel engineers for a practical, unbiased recom- 
mendation? There is no obligation, and consultations 
are kept in strictest confidence. 


USE TANTALUM WITH ECONOMY for most 
acid solutions and corrosive gases or vapors. 


Not recommended for HF, strong alkalis or substances containing free SO3. 


Write for free TANTALUM booklet today! 


FANSTEEL METALLURGICAL CORPORATION 


Chemical Equipment Division 
NORTH CHICAGO, ILLINOIS, USA 
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INSTITUTIONAL NEWS 


EUROPEAN CHEMICAL 
ENGINEERS ACTIVE 


Led by the vigorous DECHEMA 


(Deutsche Geselischaft fur Chem- 
isches Apparatewesen), equip- 
ment makers, chemical engineers, 


corrosion engineers, and others 
meet in large-scale conferences. 


With a year of great activity behind 
them, European chemical engineers are 
already meeting in 1956, planning for 
1957 and 1958. 

DECHEMA, sparkplug of much 
chemical engineering activity in Europe, 
will hold its own meeting in Frankfurt 


' am Main June 6-9 on the theme of 


The Basic Principles of Chemical En- 


| gineering as Applied to Chemical Re- 
| actions on a Large Scale. Also in 


Frankfurt, May 31-June 8, DECHEMA 
has arranged the 12th Chemical Ap- 


| paratus and Equipment Congress and 


Exhibition, expects European equipment 
companies to be out in full force. 

In October the Deutsche Gesellschaft 
fur Metallkunde will hold a special in- 
vitational conference on The Importance 


| of Stress Corrosion in Non-ferrous Al- 


loys, at Frankfurt am Main. From 
November 22 to December 3, the First 
Congress of the European Federation 
of Corrosion will be organized and 
operated in Paris by the Societe de 
Chimie Industrielle on the occasion of 


| the Convention of Chemical Engineer- 


ing and the Fourth Salon de la Chimie. 

In May, 1957, the Corrosion Conven- 
tion of the Arbeitsgemeinschaft Korro- 
sion, on Passivation and the Formation 
of Covering Layers in the Atmosphere 
and in Water, will be organized by the 
Deutsche Gesellschaft fur Metallkunde, 
the Verein Deutscher Eisenhuttenleute, 
and the Verein Deutscher Ingenicure. 
In the fall of 1957 there will be a Con- 
vention of the European Federation of 
Corrosion in Zurich, largely a joint 
meeting of the Swiss societies. 

In May and June of 1958 the Second 
Congress of the European Federation 
of Corrosion will probably be held at 
Frankfurt am Main under the auspices 
of the Gesellschaft Deutscher Chemiker. 


A symposium on Control of Corro- 
sion in the Chemical Industry—The 
Proper Use of Metals and Alloys for 
Corrosion Prevention, wil! be held at 
the University of Buffalo May 9 and 
10. The program is directed toward 


| the engineer who needs factual, up-to- 


date information for the rapid solution 


| of everyday corrosion problems. The 


outstanding speakers will describe the 
use of metals of the future as well as 
those common today. 0 
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indirect Heat Rotary Combinetion 
Calciner and Cooler for Processing 
Catalyst in Hydrogen Atmosphere. 


Special 60°’ Dia. by Stainless 
Steel Dryer for Processing Plastics 
vithout Color Contaminati 


Call BARTLETT-SNOW’S experienced specialists 
on every drying and heat processing problem 


Two Completely Self-Contained Drying 

Systems Operated Singly or Together — 

Showing Materials Handling and Dust 
Collection Facilities. 


Specially Designed Drying Unit that 
Organic Solvent from Newly 
Developed Antibiotic. 


DRYERS - COOLERS + CALCINERS + KILNS — Complete Facilities Including Materials Handling 


Whether the material you wish to process is light or heavy, 
fine or coarse, abrasive or corrosive, we can design and build 
the exact size and type of equipment best suited for your 
particular product and capacity requirements. 


Our wide experience and proven mathematical approach 
enables us to determine accurately the heat sensitivity, per- 
missible temperatures, entrainment losses, desirable velocities, 
balling, sticking, cooling and all other chemical and physical 
aspects. Material can even be test run in our fully equipped heat 
processing laboratory, and samples of the finished product 
produced before the production equipment is designed or built. 
Let us work with you on your next job. We can handle any 
project including the complete materials handling and dust 
collection facilities. This assures fixed unit responsibility; the 
smooth, synchronized operation of all parts of the installation 


and utmost economy and satisfaction. 
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WHAT'S DOING IN INDUSTRY? 


HIGH PRESSURE ACETYLENE PRODUCTS 
NOW ON COMMERCIAL SCALE 


New plant will eventually pro- 
duce more than 15 acetylene 
derivatives on a commercial scale. 


When operation began recently at Gen- 
eral Aniline & Film's new $6 million 
Calvert City, Ky., plant, the U.S.'s first 
fuil-scale commercial production of high 
pressure acetylene products went on 
stream 

The result of 14 years research, pilot 
plant production and market develop 
ment, the new plant represents an im- 
portant step forward in this new field 
of chemical manufacturing in this coun- 
try 

Acetylene, of course, has been used in 
chemical reactions for many years, but 
its use at elevated temperatures, and 


(Continued on page 63) 


North process area 
of new plant, with 
(1. to +.) asst. project 
director, oO. w. 
Schnetzler; project di- 
rector, F. Wuerth; 
vice president, P. M. 
Dinkins; and plont 
manager for entire 
operation, Hans Bel- 
ler. Directly behind 
Schnetzler is ao buta- 
nediol tower, behind 
Dinkins the two short 
towers are for the 
separation and puri- 
fication of  pyrroli- 
done and the tall 
one for butyrolac 
tone, and behind Dr 
Beller the towers are 
for propargyl alco- 
hol. 


NEW “POWERFORMING” 
STANDARD OIL 


Standard (N.J.) will invest $60 
million in new process, license 
plants throughout the world, 
claims retention of initial catalyst 
activity indefinitely. 


“Powerforming” is the name given to 
the new catalytic reforming process de 
veloped by Esso Research and Engi- 
Heart 
of the process is a new catalyst using 


neering for its parent company, 


One unit of the new “Powerforming” process 
is already on-stream at Esso's Baltimore refinery. 


Table 1.—Inspections of Feed Stocks for Powerfurming 


Light 
Arabian 


Heavy 
Arabian 


54.0 
0.07 
29.7 


Gravity, API 619 
Sulfur, wt. % * 0.03 
CFRR Octane, Clear 39 


Distillation 
10 
50 
90 282 


276 
326 
370 
* Before Hydrofining. 
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PROCESS FOR 


relatively small quantities of platinum. 
Powerformers are already on 
stream: Imperial Oil’s at Edmonton, 
Canada, and Esso Standard’s at Balti- 
more, Fourteen are under con- 
struction, being designed or planned. 
These additional units are planned for 
Canada, Europe and elsewhere. Total 
cost: $60 million. 

Additional units are planned by other 
non-affiliated companies in keeping with 
Esso Research's general policy of mak- 


1 wo 


more 


ing its developments available to the en- 
tire industry under license. 

The process produces gasoline capable 
of satisfying the needs of today’s high- 
compression-ratio auto engines, and 
those of engines expected in the near 
future. 

Basic research on the process began 
more than five years ago, pilot plant 
work demonstrating the important fact 


Mixed 


Lovisiana 


Feed Stock 


60.3 


0.005 . + 3cc 
53 ’ Motor Octane Clear 


+ 3CC 


Yields 
C.+, Vol. % 
Cy, Vol. % 
Wt. % 
H,, Wt. % 
H, SCF/8 


205 
293 
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Table 2.—Operating Results with Powerforming 


Mixed 
Lovisiaona W. Texas 


Research Octane, Clear 


that the process had the ability to cause 
the desired reactions constantly, since 
its vital catalyst could be preserved for 
indefinite re-use by a new cleansing 
technique. 

In brief, the new process is a fixed- 
bed cyclic one. It uses four, five or six 
reactors with three, four or five on 
stream while one is being regenerated 
by the special new technique. The cycle 
in any one reactor varies from five to 
fifteen days, the catalyst retaining its 
initial activity indefinitely. Feed rates 
are high, yields of high-octane number 
product are excellent. 

Typical feeds for the process consist 
of a low-octane virgin naphtha or a 
cracked naphtha-virgin blend. Excellent 
results have been obtained with blends 
containing Fluid Coking naphtha. Hy 
drofining of feed stocks is not necessary 
but is generally preferred 


Heavy 
Arabian 


Light Heavy 


Arabian 


100 98 


95 95 8 
103 103 102 
87 
92 


100.5 100 
85.5 85 
92 915 


88.5 88 
93.5 93 


77 69 72.5 8! 
9 11.5 10.5 6.5 
12 16.5 12 8.5 
1.0 0.7 18 18 

510 350 880 930 
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PROFIT with PROCTOR! 


PROCTOR DRYING RANGES OFFER: 


* Increased Yields 
* Guaranteed Product Quality 
* Highest Uniformity 
* New Pre-Forming Techniques 
* Control & Flexibility of Operation 


Proctor Single Conveyor Dryer at Reichhold Chemicals, inc., Brooklyn, N.Y. 
This unit is complete with a Proctor & Schwartz fin drum feed 
which preforms pigment into sticks of uniform thickness and 
deposits them directly onto the conveyor dryer 


Proctor Drying Ranges make possible continuous conveyor drying of many 
materials formerly dried by batch processing. 
Use of these ranges means 
¢ More Profit 
¢ Uniform Drying 
¢ Consistent Quality of Product 
Proctor equipment carries performance guarantees based on wide experience 


and careful analysis of your requirements. 


Write for complete information 
* Tray Dryers * Truck Dryers * Spray Dryers 
* Other Proctor Equipment for use in the Process Industries. 


Manvitacturers of Industriel Drying 


PROCTOR & SCHWARTZ, Inc. 
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“You know Stan, it’s a real pleasure 
working with those Pritchard fellows.” 


“What has impressed me the most is their construc- 
tion superintendents. You can sure tell they’ve had 
plenty of experience in the chemical industry.” 


“I couldn't agree with you more!” 


“Remember back when we first called Pritchard 
in to talk about the plans for our new plant?” 


“Sure do. Why, even then they were thinking in 
terms of our problems and objectives and not theirs. 
The engineers they sent down to work with our staff 
certainly have the right attitude. Yes sir, they really 
know the meaning of the word ‘cooperation.’ ” 


Page 62 


Chemical Engineering Progress 


“They've more than demonstrated that fact.” 
“Yes, sir, I'm certainly glad we chose Pritchard, 
again!” 
J. F. PRITCHARD & CO. 
4625 Roanoke Parkway, Kansas City 12, Mo. 
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it’s a real 


with those 
Pritchard 


fellows.” 


if you want 


proved ability... 


choose Pritchard! 


Pritchard's ability to work with your 
engineers and designers toward a suc- 
cessful installation is important. 


Even more vital is Pritchard's proved 
ability and technological skill at pro- 
viding facilities for the handling of 
gases, liquids and solids, fractional 
distillation, gas absorption, evapora- 
tion, crystallization, filtration and 
heat transfer as they are applied in 
the chemical industries. 


Pritchard knows how . . . whether you 
choose Pritchard as major contractor 
or for specialized installations. 


Next time, choose Pritchard! 


FOR PROGRESS 


ENGINEERS CONSTRUCTORS 


y Dept $22. 4625 Roanoke Parkway 
Kansas City 12, Missours 


SERVING THE C28 FOWE® FETROLEUE O60 CHEMICAL 
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INDUSTRIAL NEWS 


HIGH-PRESSURE ACETYLENE 
ON COMMERCIAL SCALE 


(Continued from page 60) 


pressures is relatively new, Begun in 
Germany back in 1931, work in the field 
was undertaken by Aniline 
ibout 1940. Since then, at a cost ot 
several million dollars, the company has 


General 


developed its processes until the present 
useful 
products onto the large-scale commer 


plant now brings the highly 


cial market, where the pilot production 
has already created a widespread indus 
trial acceptance of them 


Many Products, Many Uses 


Listed in the new product line already 
in production are 


Polyvis'pyrrolidone (PVP) widely 
used in cosmetics, pharmaceuticals, 
paints, adhesives, dyestuff applications 


as a stripping agent, detergents, and 
many other industrial applications. 

PV P-lodine effective as a bactericide, 
fungicide and viricide, far less toxic than 
other forms of iodine. 

Butanediol, a basic raw material in 
plastics ; vinylpyrrolidone, in glass fibers 
and plastics; butyrolactone, pyrrolidone, 
and methylpyrrolidone, as solvents for 
many diverse uses; propargyl alcohol 
highly effective cor- 
rosion inhibitors in special conditions, 
and propargyl bromide 

At present, it is clear from the above 
list of products, the plant will concen- 
trate on products related to the PVP 
famiiy of acetylene derivatives, but plans 
call for the production ot 
vinyl alkyl ethers and esters and their 
polymers. Some of the products already 
unde 
methyl vinyl ether, ethyl vinyl ether, di- 


eventual 


ial development are 
methyl chloracetal, polyvinyl methyl ether 
(PVM), and methyl vinyl ether-malei 
anhydride copolymer. Major uses for 
these future products are as adhesives 
film formers, 
gelling agents 


textile sizes, and latex 


CORRECTIONS 


In the article on the Commercial Possi 
bility of the Liquid Metal Reactor on 
p. 34 of the January 1956 issue, it was 


| erroneously stated that estimated cost 


of electric power from this reactor were 
071 cents/KWH and .065 cents/KWH 
It should have read 0.71 cents/KWH 
and 0.65 cents/KWH, respectively 
On p 97 of the March 1956 issue an 
item concerning U.S. Industrial Chemi 
cal's new “Isosebacic” acid plant placed 
the plant in Tuscola, Ala. It should 


| have read, Tuscola, Ill. 


yo 
vse DOW CORNING 


The most versatile and efficient foam killers 
ever developed, they increase your produc- 
tive capacity; reduce processing time; elimi- 
nate the waste ond fire hazard of boil-overs. 


In the PROCESS INDUSTRIES, including tex- 
tiles, poper, rubber and specialty chemicals, 
foam is killed with Dow Corning Antifoam* 
A Emulsion, or with Dow Corning Antifoam 
A Compound as ao solvent dispersion or 
mixed with an ingredient of the foamer. 


in FOOD PROCESSING foom is controlled 
with Dow Corning Antifoam AF Emulsion, 
permissible at concentrations up to 34 ppm 
or, with Dow Corning Antifoom A at con- 
centrations up to 10 ppm 


EFFECTIVE AT LOW CONCENTRATIONS 


For example, you need only 

1 oz. Antifoam A Compound in 62,500 
Ibs. of 70% caustic liquor. 

1 oz. Antifoom AF Emulsion in 2,075 Ibs. 
chocolate syrup. 


TEST THEM FREE! 


Mail coupon today 
for sample 


Dow Corning Corporation 
Midland, Mich., Dept. 3004 
Please send me: 1 
1 Booklet on Silicone Defoomers, Free ! 
sample of [) Antifoam A Compound 
Antifoam A or AF Emulsion; 
company ! 


Why let 
foam 
i profits 
| he | 
| | Silicone Defoamers 
| 
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As pioneers in the filter press field, and one of the oldest and fore- 
most manufacturers of filtration equipment, D. R. SPERRY & CO. is well 
qualified to evaluate your specific filtration requirements. 

Sperry Research has categorically filed over 60 years filtration ox- 
perience from continuous field reports and laboratory tests. Sperry 
Engineering applies filtration's most advanced thinking in the develop- 
ment of new products and new methods for obtaining better filtration 
at lower cost. 

Working side-by-side, Sperry Research and Sperry Engineering offer 
today's best source of information and equipment for tomorrow's 
production needs. 


ap) A complete range of 
yg styles and sizes... 
standard or special... 
for every filtration 
need. With center, side, Ta 
or corner feed; open or 
= closed delivery; simple 


or thorough washing; 
jacketed plates for fil- 

tering at controlled 

4 : “a high or low tempera- 


tures. 


SPERR SPERRY Closing Devices 


FILTER BASES 
Sperry offers the widest of Clos- 
All types .. . all sizes. ing Devices to match your filter design 
Plain or punched to your needs. Each engineered in its own way 
specifications. Besides to speed production, insure safety, 
cotton and paper, bases save labor, and increase the life of the 
are furnished in wool, filter cloths. Choose from nine popu- 
synthetics, glass and lar models—including the new easy-¢ 
woven metals. to-install HANDRAULIC and the pop 
ular EHC-L Electric Closing 
—factory installed on new Spe 
Filter Presses or field installed : 
existing presses of any make. 


Send for SPERRY CATALOG New Handreulic 


Complete with charts, tables, ond dia- Closing Device 
grams to help in the operation, main- 

tenance and selection of filtration 

equipment. Write for your free copy 

of Catalog 7-E today. 


Alidredge & McCabe 
E Avenve 
Denver 18, Colorad 
Texas 
4101 San 


Frencisco 4. ‘Coli forma Mouton 4, Tessas 
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INDUSTRIAL NEWS 


NEW COMPUTER IS BIG STEP 
FORWARD FOR BUSINESS 


There is a tendency these days for en- 
gineers to become somewhat blasé when 
computers are mentioned — everyone 
knows they are fast, vastly complicated 
and highly accurate. Superlatives have 
been thrown around like confetti at 
Mardi Gras. Sometimes we seem to 
forget computers are designed to do a 
job. 

Datamatic Corp., Newton Highlands, 
Mass., a 60%-40% jointly-owned ven- 
ture of Minneapolis-Honeywell and 
Raytheon Manufacturing, has not lost 
sight of this, has designed a system 
with an eye on the needs of the busi- 
nessman and technician in industry. 


Engineers check the memory section of the 
new coordinated highspeed data processing 
system. 


Called the “Datamatic 1000” the new 
system is a coordinated data-processing 
system employing high-speed computer 
principles. In effect it is an electronic 
office capable of handling a wide range 
of clerical operations including sales 
analysis, inventory and production con- 
trol. 

It is neither miraculous nor in an 
ivory tower, but is designed to meet 
the industrial needs of business which 
wants a computer that can quickly 
accept a great mass of data, do a mini- 
mum amount of computation, and come 
up with all the answers in a hurry. 

To do this, Datamatic has built high 
computer capacity, added input and out- 
put speed, and enlarged the system's 
memory by use of three-inch magnetic 
tapes which can store as much informa- 
tion as 465,000 punched cards. As many 
as 100 tapes can be incorporated, any 
one of which can be referred to or 
questioned without disturbing the rest 
of the system. Final reports are turned 
out at the rate of 6000 punched cards 
per hour or 900 printed lines per 
minute. 

The system will sell for a minimum 
of $1.5 million, rent for $30,000 to 
$40,000 per month, 
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Yonkers New York 
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EXPERIENCE « SKILL « 
IMAGINATION ... are the founda- 
tions on which modern industrial achievement 
is built. 

EXPERIENCE in the actual creation of multi- 
million dollar facilities . . . 

SKILL as evidenced in expert design, engineering, 
and construction by a talented staff of trained 
men... 

IMAGINATION to originate and develop new proc- 
esses and new techniques. 


‘WS f 
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By 


construction stages of the job, and for the training of operators. this modern 300 ton per day Anhydrous Am- 


monia Plant into service—ON TIME AND 
ON BUDGET. 

With undivided responsibility, Catalytic com- 
pleted process design, engineering and con- 
struction in 13 months. 


CATALYTIC 


CONSTRUCTION COMPANY Philadelphia 2, Pennsylvania 


Toledo, Ohio 
in canada: 
CATALYTIC CONSTRUCTION OF 


CANADA, LIMITED; SARNIA, ONTARIO 


CATALYTIC ON-TIME... GN-BUDGET SERVICES for the metallurgical, chemical, 


petrochemical and oil refining industries: Project Anal- 
ysis; Process Development; Process Design; Economic 
Studies; Engineering; Procurement; Construction; 
Plant Operation 


Vol. 52, No. 4 Chemical Engineering Progress Page 65 


j 
a 
\ 
L 
© 
é 
(ii) 


“Dependability” is generally considered an intangible 
... yet at Fluor we feel it’s the most important single 
feature we can design into a plant. Take, for example, 
the chemical-fertilizer facilities we recently completed 
for Mississippi River Chemical Company at Selma, 
Missouri. Fluor dependability has seldom been better 
demonstrated. Responsibility extended from site prepa- 
ration... through adaptation of the basic processes to 
the specific needs of the customer . . . to completing 
construction and placing the plant on-stream. Today, 
the Selma plant works a 24-hour schedule converting 
natural gas and fuel oil to profit-making anhydrous 
ammonia, nitric acid, and nearly 300 tons per day of 
fertilizer-grade ammonium nitrate. Performance like 
this is what industry means when it says, as it has for 
65 years... you can be sure with Fluor. 


Mississippi River Fuel’s Selma plant employs the Texaco 
partial oxidation process to produce hydrogen and the 
F luor-Claude synthesis scheme for ammonia (200 tons/day, 
anhydrous) production. Plant also includes a 220 ton/day 
HNO, unit, a 280 ton/day prilled ammonium nitrate plant, 
and extensive off-site facilities. 


The FLUOR CORPORATION, Ltd. 


2500 So. Atlantic Boulevard, Los Angeles 22, Calif. * Offices in Principal Cities in the United States and Canada 


Page 66 Chemical Engineering Progress April, 1956 


| roject concept and production 
ae in chemicals and petrochemicals... ; 
a FLUOR BUILDS IDEAS INTO PROFITS | 
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the chemical engineers’ 


to significant developments in 
® EQUIPMENT 


® MATERIALS 
® SERVICES 


108 Heavy Duty Blender, An ali. Mone! heavy-duty blender 
for dry blending of bulk solids is announced by The 
Sturtevent Mill Co. As far as is known, this marks first time 
Monel mete! has been used in this type of blender with « 
capecity of 1,000 Ib. per batch. The blender pictured sbove 
has the following edventeges other then the obvious ones of 
corrosion resistence & the ability to handle ebrasive materials 
induced by its material of construction: 

1. Both inteke end discharge ere at the same end of the 
machine for simplicity of operation. in eddition, material can 
be cherged & discharged while the machine is running. 

2. A unique 4-way mixing ection speeds production while 
essuring thorough biends. 

3. “Open-door” construction permits easy eccessibility for 
simple cleaning & meintenence. 

it is expected that the Monel blender will find other uses 
in the blending of corrosive or critical materieis in the chemical 
process industries. (Conti 68) 


For these in beck, fold card strip agein te right, where 
strip is scored for detaching. 
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products- 
advertised in this issue 


Distillation. For half century Vulcan 
Copper & Supply Co. Engineering Division 
has pioneered in diffusional process opere- 
tions. If you have such a problem consult 
them 


38 Drum Packer. Use of the ViBrox Barrel 
& Drum Packer permits of denser packing, 
reduces packing time & labor. Sizes for 
packing from 5 to 1,000 Ib. Others for 
packing bags to 150 Ib. B. F. Gump Co. 


4A Demisters. Process vessel performance 
may be improved by ure of Yorkmesh units 
to effect clean separation of liquid from 
vapor. Otto H. York Co., Inc. 


6L Valves. Economical piping, pumps, 
valves & tenks made from ACE rubber & 
plastic materials prevent discoloration, waste, 
odor or metallic pickup in your processes. 
Investigate. American Hard Rubber Co. 


7A Heat Exchangers. Precise operation is 
engineered into the design of Delaval 
Seperator Co. plate heat exchangers. Made 
of heavy gauge stainless steel they achieve 
maximum heat transfer. 


8 9A Process Control. From Foxboro Co. 
the M/58 Consotrol. Equipped with revolu- 
tionary floating disc system, provides unique 
versatility, precision & stability. Lever-set 
proportional band adjustment calibrated to 
500%. 


1OA Mixer, Uniform, quick mixing of dry 
materials in any proportions, wetting dry 
materials with small quantities of liquid, 
or dissolving solids in liquid media are func 
tions of the new Nauta mixer from Blaw- 
Knox Co. 


TIA Electrodes, Anodes & Mold Stock. A 
strict system of gaging & inspection are 
part of the finishing operation on Great 
Lakes Carbon Corp. materials, providing « 
plus factor in efficiency. 


Process installations. Goslin-Birming- 
ham Mfg. Co., Inc. is prepared to shoulder 
the entire load from design to finished 
product, Engineers available for on-the- 
spot technical consultation & planning. 


13A Flowmeter. An easily installed elec- 
tronic flowmeter, the beeringless Potter- 
meter, from Potter Aeronautical Co. oper- 
ates at any angle, at any pressure & at 
temperatures from —450 to +1200°F 
Accuracy + V2 of 1%. 


14A Plastic Piping. Polyethylene pipe & 
plastic fittings cancel need for costly metal 
units, Reduce installation to one-man job 
with simple hand tools. Longer life reduces 
replacement & maintenance. Crane Co. 


15A Heat Exchangers. Available from 
Struthers Wells Corp. @ line of Standard 
heat exchangers in sizes 20 to 400 sq.ft 
of surface in variety of materials. Typical 
units illustrated. 


16A Insulation. Called Thermobestos an 
insulation material for outdoor process in- 
dustries. Made from calcium hydrosilicate 
it is molded to size for proper fit. Sizes to 
24 in. x 3 in. half sections. Also blocks 
6 in. x % in. & 12 in. x % in. Johns 
Manville. 


17A ton Exchange. Use of ion exchange 
cuts uranium costs. Permutit Co's. process 
also concentrates metals from industrial 
wastes. Recommendations applying to your 
process available. 


18L Pump Packing. Chemises! for all- 
chemical service & Centrifugal for general 
packing from U. S. Gasket Co. Belmont 
Packing & Rubber Co. Catalogs available. 


19 & 20A Valves. Rockwell-Nordstrom 
velves are lubricant sealed for positive shut- 
off thus affording longer life & instant 
operation. Designed for rugged service. 
Rockwell Mfg. Co. 


21A Vinyl Foam. A material which brings 
advantages to many products now in mass 
production by Girdler Co. Elastomer 
Process. Basic eb ts of syst shown 
in flow chart. Votator data book available. 


224 Fluid Control. Foster Engineering Co. 
announce new control valve equipped with 
ISOFORCE actuator. Said to give greater 
sensitivity. Sizes start at V2 in. with ma- 
terials & end connections to suit operating 
conditions. 


23A Atomic Power. Westinghouse Bettis 
Plant needs qualified chemists, chemical 
engineers & mechanical engineers interested 
in atomic development. Write stating your 
specific interests. 


24A Industrial Sieve Shaker. Unit from 
Central Scientific Co. called Cenco-Meinzer 
industrial sieve shaker for use in mechanical 
analysis of industrial materials. Holds six 
standard 8 in. or 5 in. sieves. 


25A Plant Design & Erection. The Lummus 
Co. offers a design, erection & operation 
service for new chemical installations of 
various types. If you plan a new unit 
consult them. 


26A Plastic Pumps. For pumping any one 
of the corrosive acids employ «a Vanton 
Pump & Equipment Corp. plastic pump. 
Has no stuffing box, gasket, or shaft seals. 
Catalog available. 


27A Molybdenum Catalysts. “Molybdenum 
Catalysts for Industrial Applications,” a bul- 
letin from Climax Molybdenum Co. gives 
details of use of this material as a catalytic 
element. 


281 Mixer. From Read Standard Corp. « 
mixer with a unique shaped bow! pre 
senting @ greater ratio of heated surface to 
mix. Capacities to 750 gal. 


29A Molecular Sieves. Linde Air Products 
Co. offer molecular sieves which dry your 
geses thoroughly. Remove all traces of 
moisture. Performance illustrated in graph 
shown. 


230A Coentrolied Volume Pump. Your 
metering problem solved with accuracy 
+1% using Milton Roy Co. pumps. Exclu- 
sive stepvaive liquid end. Pressures to 
50,000 \b./sq.in. Bulletins available. 


321A Air Separator. Now 40 to 400 mesh 
output may be increased to 300% using « 
Sturtevant Mill Co. unit. Sizes 3 to 18 ft. 
diam. Designed for lifetime rugged service. 


32L Steam Jet Ejectors. if you heve « 
vacuum requirement, consult Elliott Co 
specialists for recommendations. 


33A Controlled-Volume Pump. Called 
Pulsefeeder it combines best features of 
piston & diaphragm pumps. Elimination of 
packing problems achieved by sbsence of 
stuffing box. Bulletin covers applications, 
etc. Lapp Insulator Co., Inc. 


324A Pipe Insulation. Called Unibestos 
terial protects intricate & vital systems 
against heat loss. Available in sectional 
form through 44 in. O.D. Union Asbestos 
& Rubber Co. 


35A Process Equipment. Conkey crystal- 
lization, evaporation & filtration equipment 
from Chicago Bridge & Iron Co. has oper- 
ating profit “built-in” by integration of 
design, engineering & fabrication. Con- 
sultation available. 


364 Motorpumps. From Ingersoll-Rand 
Co., Motorpumps. Efficient construction 
said to enable use of smaller unit. Deliver 
more gal./min./H.P. used. Catalog gives 
complete data. 

37A Centrifugal Ges Compressor, A 3- 
stage unit from Ingersoll-Rand Co. said to 
be largest ever supplied for refinery ser- 
vice. See illustration for details. 


Chemica! Engineering Progress 


109 Air-Meter. Hastings Instrument Co. 
has recently introduced the Model R Air- 
Meter, a highly accurate instrument for 
measuring minute air flow movements. It 
is used in connection with smog, air pollu 
tion, & other applications where extremely 
small air flow measurements are necessary 
it has @ range of @ to 30 miles per hour 
& «a logarithmic type meter scale which 
provides expanded readings in the low 
velocity range thus assuring excellent reed 
ability below 5 mph & unusual accuracy 
below 1 mph. Responds in less than one 
second. (Continued on page 69) 
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if you plan a 
new installation, expansion or moderniza- 


38A Process Equipment. 


tion Badger Mfg. Co. can supply your 
needs. Facilities & technical skill available 


for building & testing required equipment. 


329A Mineral Filler. Called MicroCel mea- 
terial may be used for long list of product 
improvements at reduced costs. Composed 
of synthetic calcium silicates produced by 
combining line with diatomaceous silica. 
Johns-Manville. 


40A Job Opportunities. if you are in- 
terested in jet propulsion read the details 
of openings in the field available at Caltech 
Jet Propulsion Laboratory. 


41A Filter Aid. Called Dicalite use of 
this materia! enables you to filter out par- 
ticles not seen with a microscope. Chart 
shows result recent laboratory tests. Other 
information available. Great Lakes Carbon 
Corp. 


42A Horizontal Process Units. Your prob- 
lem may be solved using horizontal process 
units. Designed & fabricated to solve 
specific needs. For use in many difficult 
operations. Bethlehem Foundry & Machine 
Co. 


43A Pressure Valves. Eliminate two-stage 
reducing stations in handling high pressure 
drops by use of Leslie Co. pressure reduc- 
ing valves. For steam, air, gas, give 99% 
accuracy regulation, other advantages. 


44L Vapor Conservation Vents. Named 
Protectoseal units are fully fire protective, 
simple & easy to maintain. Protectoseal Co. 


45A Impervious Graphite Equipment. 
Called Karbate & used for building process 
equipment materia! provides savings in 
cost & efficiency. Literature available. Na- 
tional Carbon Co. 


46A Process Filters. Process Filters, Inc. 
make available a variety of units for the 
process industries. Provide efficient, 
trouble-free, profitable operation. 


47A Belt Conveyors. Degradation & dust 
may be eliminated handling carbon bieck 
with Stephens-Adaemson Mig. Co. zipper- 
sealing conveyors. See details of recent 
installation in photographic illustration. 


48A Catalysts. New alumina & other spe- 
cial base catalysts available from Houdry 
Process Corp. listed. Manufactured to 
special standards for uniformity, surface 
hardness & mechanical strength. 


SOA lead Shielding. Whether your need 
is for lead brick extruded, curved Protecto 
brick of conventional brick National Lead 
Co. has it. Other standard forms include 
sheet, slab or sieeving. 


DEVELOPMENTS 
OF THE MONTH 
(Continued) 


110 Product Litera- 
ture Directory. Titled 
“This is AC from A 
to 24-page di- 
rectory of product 
literature from Allis- 
Chalmers Mfg. Co. 
is an alphabetical 
description of com- 
pany products & de- 
scriptive literature. 
An addressed, post- 
ageprepsid post 
card makes it easy 
to order any desired 
product literature. 


Hermetic Veg- 
stable Oil Sepere 
ters. Bulletin eveil- 
able from De Leval 
Separator Co. For 
closed continuous 
flow refining opere 
tion, these units 
improve quality & 
yield, are simple in 
operation. 


(Cont. on pege 70) 
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advertised in this issue 


53A Seddie Packing. Widespread eccept- 
ence of intelox saddle packing has been the 
experience of U. S. Stoneware Co. since 
product wes offered. improved perform 
ance said to stem from patented shape of 
material, Six sizes V4 to 2 in. 


put on stream et SOHIO by Chemical & 
industrial Corp. is pictured. One of many 
capecity installations completed by 

56L Heat Exchangers. in addition to fab- 
rication of heat exchangers Downingtown 
iron Works, Inc. specializes in steel & 
alloy plates. itiuetration tells deteils of 
story of recent installation. 


57A Filter Presses. Automatic, practically 
continuous filtration now aveilable in « 
plate & frame type Eimco-Burwell unit 
from Eimco Corp. Use has improved plent 
conditions in seven ways all listed. 


584 Tentelum. Fenstee! Metallurgicel Co. 
offers « booklet on this materiel. May be 
used with economy for equipment for « 
perticuler process. Consultations evaileble 
without obligation. 

Drying & Heating. C. O. Bartletr- 
Snow Co. are prepared to design & build 
equipment of exact size & type for your 
particular product & capacity requirements 
no matter whet type of material you 
process. 


61A Dryers. Drying ranges of Proctor & 
Schwartz, Inc. equipment makes possible 
continuous conveyor drying of materials 
formerly dried by betch processing. im- 
proves quality, increases profit. 

62A Plant Design & Construction. J. F. 
Pritchard & Co. are experienced designers 
of plants for the chemical industry. Con- 
sult with them if you ere considering new 
plent units. 

63. Successful installations. Such results 
are achieved by J. F. Pritchard & Co. by 
ability to work with your engineers & de- 
signers plus proved ability & technological 
skill in providing facilities for chemical 


638 Silicone Defoamers. These materials 
increase production, reduce process time & 
eliminate waste & hazard of boilovers. Two 
types eveilable from Dow Corning Corp. 


644 Filter Presses. As pioneers in the 
field D. R. Sperry & Co. ere qualified to 
evaluate your specific filtration require- 
ments. Catalog conteins charts, tebles, 
grams helpful in operetion & selection of 
filtration equipment. 


65A Anhydrous Ammonia Plant. The ex- 
perience, skill & imagination of Catalytic 
Construction Co. put the plent iliustrated 
into service on time & on budget. Plants 
for the chemical industry are thelr special 
interest. 

[Engineering & Construction. Fivor 
Corp., Lid. builds ideas into profits in the 
chemical & petrochemical fields. They con- 
sider dependability the most importent 
single feature in plant design & guarantee 
it. 


TIA Hest Exchangers. Employing elec- 
tronics in the fabrication of shell & tube 


tubing & how many tube ends ere involved. 
This is only part of Patterson-Kelley Co., 
Inc. procedure. 

Engineering Systems. Vitro Corpore- 
tion of America conceived, developed, in- 
stalled & opereted « comprehensive 
multiplerange timing system for an Air 
Force Armament Center. A new laboratory 
being built makes their facilities available 
to industry & government. 

77R Filters. New builtto-order festures 
available from Industrial Filter & Pump Mfg. 
Co. A complete filtration engineering ser- 
vice from fluid analysis to installation. Will 
make recommendations for your require 
ments. 

80L pH Centrel. Accurate comperstors 
oduct of W. A. Taylor & Co. for use 


selected alloys, carbons & ceramics. May 


be installed on existing equipment without 
sleeves of special machining. Dvurametaliic 
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Heat Exchanger. From Niegere Blower 
Co. the sectional Aero heat exchanger 
which gives close temperature control with 
saving of lebor, power & water. Faster 
cooling of industrial fivids. 


82TL Walkway & Handrailing. Fabricated 
from sluminum ere grating walkway & 
handrailing for use in petroleum installe- 
tions. Pressure vessels & tanks also avail 
able from Washington Aluminum Co., Inc. 


828i Nezzles. Full & hollow cone, flet 
sprey & other types comprise the complete 
line of the Spray Engineering Co. aveilable 
from stock. Capacities from Ve pint/min. 
to 4,000 gal./min. Variety of materials. 


Feed-Water Heating Systems. 
trated is @ recent installation by Condenser 


of plent applications. Any one unit pur- 
chasable for use with transmitter. 


Standard Industriel Products. The list 
which includes belt conveyor idilers, bin 
level controls, portable box car loeders & 
others ere eveilable from Stephens Adem- 
son Mfg. Co. Bulletin aveilable. 


S8BR Gear Pumps. These pumps the re 
sult of long experience sre now solving 
problems in most industrial fields. Pump 
many types of materials. Special units for 
specific applications. Schutte & Koerting Co. 


Wigton-Abbott Corp. 
specialize in engineering & construction of 
research & contro! leborstories. Your in 
quiry will be welcomed. 


Plastics Reactor. 1. Shriver & Co. 
Inc. announce a new controlled rete plestics 
reactor which converts resin monomers into 
polymers in a multiple chamber unit. Aveil- 
able with any required number of chambers. 


9OBL Filter Paper. Selection of filter paper 
for commercial filtration is simplified by 
use of brochure published by Eston-Dike- 
man Co. If your product or process is not 
included @ recommendation will be made 


55A Witric Acid Plants. Recently completed 
: S nitric acid plant designed, constructed & 
; ti) Service & Engineering Co., Inc. Whether 
ae your need is for # complete system or 
emergency retubing or repeirs call them 
tae any hour of every day. 

heat exchangers minimizes possibility of plants lerge 0.0. pipe from Posey iron 
leaks no metter Works, Inc. Fabricated from verious me 
terials pipe eveilable 20 In. diem. & larger 

to meet rigid specifications. 
87R Air Pollution System. Called Aerovene 
this Bendix-friez system from Bendix Avie 
tion Corp. helps solve sir pollution prob 
age v lems. Entire system may be used in dozens 
chiorine control. Colorimetric tests 
‘ may be made on the spot in minutes. 
Units are durable, lightweight & portable. 
a Mechanical Seals. Called Dura Seal 
these engineered rotery seals are made to 
* meet your specific sealing need using 
DEVELOPMENTS of the month Stainless Croley Tubing & Pips. 
2 (Cont.) teresting information of velve to those 
: associated with the fabrication & installe- 
tien of process piping is contained in « 
new folder on welding issued by the upon request. 
Tubular Products Div., Babcock & Wilcox. 
ing characteristics of both austenitic & units from Aerofin Corp. ssid to do the 
: ferritic types of steiniess steels and briefly (0b better, fester, cheaper. One of their 
4 ai describes verious welding methods & tech *gineers is available neer you. 
92 Adserbent. Called Florex this me 
trodes, preheating & post welding heet 
a treatments te be used in joining steiniess terial provides a simple, economical means 
Z steels to each other & to carbon, carbon 8/16 & 
WELDING. molybdenum & chromium molybdenum meshes from 8/16 & up. Floridin 
slioy steels by the arc welding method. 
(Continved on page 72) (Continued on page 72) 
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a 4 exchangers better than ever 


This man is expanding tube ends into the tube 
sheet—the “inner face” of a shell and tube heat 
exchanger that holds each tube in place. By 
doing it electronically, with the equipment you 
see here, the circumference of each tube is 
joined to the face of the exchanger with exactly 
the same pressure. 


This minimizes the possibility of leaks develop- 
ing—even when a mile of tubing and hundreds 
of tube ends are involved, as they are in many 
of P-K’s special exchangers. 


But fabricating procedures like these are only 
part of the story. Every P-K unit is “computed” 
for its thermal rating and design. 


This automatic check of a unit's thermal rating 
is not only a safeguard, but can often save you 
money. And it allows P-K to give a full and 
complete guarantee that each unit will perform 
at its rated heating or cooling capacity 


An increasing number of processors, engineers, 
and contractors have come to rely on P-K’s 
painstaking fabrication and testing procedures 
—and their check, and double-check, of a unit's 
thermal rating. We would be pleased to design 
and build exchangers for you. 


The Patterson-Kelley Co., Inc, 1740 Hanson 
Street, East Stroudsburg, Penna. Offices in 
principal cities. 


PATTERSON @®) KELLEY 


Heot Exchongers * Converters * Storage Water Heoters * Condensers * Storage Chillers * Oil Heoters * and oll types of heat transfer equipment 
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934 Pumping Report. From Aldrich 
Co. # Pumping Progress Report describes 
design, features etc. of pumps in their 
line. Data sheet available 


Motor Windings, U. 5S. Electrical 
Motors inc. winds its motors with asbestos 
to prevent burnouts from avoidable causes 
Coil ends are protected with built up armor 
of coatings of an asbestic compound. Bul 
leting illustrate application of asbestos to 
various U. 5. motors 


94TL Liquid Control. Systems for speeding 
liquids from receipt to delivery are the 
specialty of Bowser, Inc. Equipment avail- 
able includes meters & filters, proportioners 
& blenders, fillers & packagers. 

9461 Skin Protection. Damaging substances 
employed in industry no longer are source 
of irritation. Use of Kerodex prevents con- 
tact with skin. Spreads like « cream & 
acts like @ glove. Ayerst Laboratories. 

954 Chemical Engineering Catalog. Pub- 
lished by Reinhold Publishing Corp. volume 
supplies information on the process indus- 
tries. Indexed six ways for easy use. 
95R Processing & Storage Equipment of 
Weed. Wendnagel & Co., Inc. feature con 
struction of equipment designed to do 
tough jobs in chemical processing & storage. 
Let their engineers recommend suitable 
construction for you. 


964 Gauge. The Ace Glass inc. Mcleod 
gevge is equipped with Trubore tubing 
assuring accuracy & interchangeability. New 
locking device has positive holding action 
eliminating need for glass hooks & springs. 
Will hold at any position to which it is 
rotated. 
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97TL Spray Nozzles. When next you re 
place spray nozzles Spraying Systems Co. 
suggest giving their units consideration. 
See for yourself how properly engineered, 
precision machined nozzles can improve 
performance. 

978L Heat Transfer Units. Standard or 
special heat transfer units available from 
Schutte & Koerting include the BD heat 
exchanger & the Radiafin Air Cooler. In- 
quiries for special units are welcomed 
97TR Rotary Pumps. Available from stock 
a low-cost, low-volume pump for corrosive 
liquids. Capacities 1 to 10 gal./min. Im- 
pellers of Teflon, Neoprene or Formica. 
Suitable for direct motor. Eco Engineering 
Co. 

97BR Grinders. Gruendier Crusher & Pul- 
verizer Co. invites you to send in a sample 
of your material for free test run & report. 
Data aveilable for any particular sizing 
including shredding, pulverizing, breaking 
mixing & blending. 

99TR Compressed Gases. A new catalog 
from Matheson Co., Inc. lists all the com- 
pressed gases including special ones, gives 
data on accessories for improving handling, 
etc. 

OBR Gauges. Two types illustrated. 
Features, other pertinent deta listed. Bul- 
letin available which describes other glass- 
ware in line. Kontes Glass Co. 

107TL Liquid Flow Slide Rule. An instru- 
ment which solves flow problems accu- 
rately for any liquid in seconds. Calculates 
pressure drop, flow rate, pipe size. For 
both turbulent & laminar flow. C. J. Major 
Co 


e@ Technical Literature 


1078L Dust Sampling. Joseph B. Ficklen 
I, designer & manufacturer of continuous 
gravimetric & oscillating types of thermal 
precipitators calls attention to the Koni- 
sampler for dust sampling with permanent 
records. 

107R Process Equipment. Misco Fabrice- 
tors, Inc. are prepared to design, & build 
equipment from heat resisting alloys or 
stainless steel. All types of standard or 
special equip t availabl 

1084 Pump Seal. installing the new Uni- 
tary Mechanipak Seal from Garlock Packing 
Co. eliminates shutdowns for maintenance. 
Comes ready to install. No on-the-job 
adjustments required. One of 2,000 styles 
of sealing materials in line. 


109R Jet Equipment. From Croll-Reynolds 
Co., Inc. @ long list of jet equipment aveail- 
able. Information on any of this equipment 
is yours for the asking. 


128A Pumps & Valves. Duriron Co., Inc. 
specializes in the manufacture of corrosion 
resisting products including Durcopumps, 
Durco valves & others. List of applications 
given. 

1BC Sectional Heat Exchangers. Brown 
Fintube Co. offer sectional heat exchangers 
which eliminate obsolescence & waste in 
pilot, semi-works, or full plant operation. 
Of modular design they may be easily 
changed from one duty to another. 


OBC Mixers. Extra years of fluid mixing 
are built into every Lightnin mixer. See 
the list of five ways you get more for 
your money. Other information available 
from Mixing Equipment Co., Inc. 
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1 Instrument Air Regulator, A binder in- 
sert deta sheet from Black, Sivalls & 
Bryson, Inc. illustrates & describes the new 
type 73-26 instrument air regulator which 
provides close regulation of air supply 
in pneumatic & other installations requiring 
extreme sensitivity of pressure output in 
small volumes of air or other gas. Features 
ere higher air volumes, improved corrosion 
resistance, & # 40 micron phenolic im 
pregnated cellulose filter. Minimum pres 
sure drift from set point, gives instantaneous 
response to change of flow rate. 


2 Magnets. A newly designed line of 
norelectric Alnico Perma-Plate magnets 
which incorporate @ new concept of tramp 
iron removal by the Dynamic principle of 
magnetic attraction is offered by Dings 
Magnetic Separator Co. Said to be espe 
clally efficient in attracting iror from moving 
materiel, Effective range from 22 in. or 
under through 4 in, 35 standard sizes, 4 
through 72 in. wide evailable in each 


besic type. Catalog, 
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3 Sedium Dispersion Units. Two package 
sodium dispersion units are now being 
marketed by Cowles Dissolver Co. One 
model, the 1000-2000 mi. laboratory unit, 
the other a 3-7 gal. pilot plant unit. Both 
jointly designed by Cowles & U. S. Indus- 
trial Chemicals Research Dept. Heart 
of each is the Cowles dissolver an 
impeller design found extremely efficient 
in dispersing sodium in an inert organic 
medium. No loss in dispersing efficiency 
observed in scaling up from laboratory to 
pilot plant. 


4 Tower Packing. Seid to increase 
throughput up to 32 times, meteriel 
called Spreypak developed by the Atomic 
Research Installation at Harwell, Englend, 
manufactured in the U. S. by 5S. Blickman, 
inc. for Fractionating Towers, inc. in 
large towers material is assembled in form 
of interlocking horizontal diamond-shaped 
cells placed adjacent to & over one another. 
iMustrated booklet describes materiel & 
construction, mechanical design, other de- 
tails 


DEVELOPMENTS OF THE MONTH (Cont.) 


114 Heated Screen. New heated 
screen for use in the chemical 
process industry, agricultural lime 
production, clay-handling or other 
operations where screening is 
especially difficult because of damp 
or sticky materials, from Sim- 
plicity Engineering Co. Has 35 
sq. ft. available screening surface, 
fully balanced, high speed, short 
stroke assembly provides positive 
action. 
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5 Micronic Filter, A small, cleanable, al! 
metal, (steel or stainiess steel) edge-type 
filter designed by Cuno Engineering Co 
for removal of micronic particles from proc 
ess liquids. Called Super Auto-Klean, unit 
said to stop all particles over 40 microns, 
where finer replaceable cartridge type ele- 
ments are used as secondary filters. Pre- 
plugging of filtering 
surfaces in secondary cartridges. 


6 Submerged Combustion Equipment. An 
illustrated bulletin on the application of 
Thermal Research & Engineering Corp. high 
velocity burners to submerged combustion 
techniques. Equipment is extremely com- 
pect & unique in that combustion tekes 
plece external to the liquid being heated. 
Rated ovtputs of up to 5,000,000 B.T.U./hr. 
in @ single tube. 


vents premature 


7 Portable Precision Instrument. For use 
in measurement of oxygen & combustibles 
in exhaust gases @ portable precision instru- 
ment from Davis Emergency Equipment Co., 
Inc. Oxygen is measured by catalytic com 
bustion employing @ disposable container of 
propane. Registers on tworange scale— 
05% & 0-21%. Combustibles measured in 
separate cell & indicated on individual 
meter with ranges of 0-3% & 1-15% 


8 Opposed Jet Nozzles. A line of op 
posed jet impingement type nozzles is 
offered by Bete Fog Nozzle, Inc. Claimed 
to have highest possible efficiency of 
stomization at any operating pressure. No 
internal parts to clog or weer. Four stan- 
dard sizes from 3 to 30 gal./min. Pipe 
connections to in. Fabricated in 
bronze & aluminum. 


9 Recording Potentiometer, A _ miniature 
strip chart recording potentiometer weigh- 
ing less than 25 Ib. now available from 
Westronics, inc. Equipped with standard 
charts & ranges for copper & iron con 
stantan, & chrome! alumel thermocouples 
& has internal cold junction compensation 
Records on 5 in. strip with pen speed of 
one second full scale, accuracy better than 
0.5%. 3-speed chart drive optional 


10 Industrial Fans. 
streamlined design for high efficiency aveil- 
able from American Blower Corp. Pro- 
vides complete coverege of the full range 
of industrial requirements & features new 
packaged industriel fan complete with 
motor, V-belt drive & running gear en- 
closure 


Industrial fans of 
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OFFICIAL U. NAVY PHOTOGRAPH 


HE USS Boston, recently commissioned as the first 
guided missiles warship in history, carries the newest 
and most powerful weapons afloat 
Vitro Laboratories takes pride in the Navy's “well done” 
for its part in the systems engineering of the missiles instal- 
lation and launching system on the Boston. 


Another first in the important new field of systems engi- 
neering is the comprehensive multiple-range timing system 
conceived, developed, installed and operated by Vitro for 
armament testing at the Air Force Armament Center in 
Florida. By means of pulse electronics, a time signal generator 
establishes base “central” time measured in 10,000ths of a 
second. The system transmits time signals to remote ground 


and airborne stations for 


precision command timing and 


time identification of action photographs 


These are but two of many examples of Vitro’s role in 


systems engineering of the most advanced kind 


forerunners of significant 


They are 


new systems applicable across 


a broad industrial spectrum. 


Vitro Laboratories is now building a million-dollar labo- 
ratory to make its staff and facilities available for new 
industrial and governmental projects. 


Write for detailed information to 


VITRO LABORATORIES, 962 Wayne Avenve, Silver Spring, Md. 


A 


iy 
& Research, development, weapons systems 
* Nuclear and process engineering, design 


Refinery engineering, design, construction 
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11 Miniature Telemeter Receivers. Units 
are designed for use in graphic panel ar- 
rangements & ere available as either indi- 
cators or strip-chart recorders. Occupy 
panel space of only 5 sa.in. Indicators & 
recorders can be used to receive telemetered 
signals of any of the usual variables such 
as pressure, flow, tempersture, etc. Also 
electrical measurements like voltage, current, 
& power. The Bristol Co. 


12 Continuous Reactor & Mixing Assem- 
blies. An engineering bulletin from Marco 
Co., Ine. describes & illustrates with draw- 
ings the new Flowmaster pilot-plent con- 
tinvous reactor & mixing units. Designed to 
ease the step up from iab-scale continuous 
processes to full plart production 


14 Gas Heat Exchanger. A high tempers 
ture waste gas heat exchanger with unique 
finned plate desiqn has been developed by 
Griscom Russell Co. for recovery of heat 
from high temperature waste gases. With- 
stands gases at pressures to 100 tb./sa.in. & 
temperatures to 1,100° F 


15 Quick Opening Valve. The most re- 
cent addition to the line of Klinger Corpore- 
tion of America products for use in indus- 
trial & marine flelds is a steel, quick open- 
ing valve. For service at 600 tb./sq.in. at 
800" F. & 1,200 Ib./sq.in. at 100° F., valves 
ere recommended for use on steam, hot 
water, air, gases, etc, Features are stream- 
line design, & positive openings & closures 
at pressures of 1,200 WOG 


16 Thermal Conducting Cements. New 
literature from Chemax Mfg. Corp. covers 
two new products, Tracit-100 & Tracit-200 
as well as an older product called Tracit 
These cements are used primarily where 
valves, lines, & equipment are to be heated 
or cooled by tracing. Said to improve 
thermal conductivity to 11 times that ob 
tained without Tracit covering. 


17 Insulation Material. An insulation 
product which withstands temperatures of 
1,800° F. has been develoned by Owens- 
Ilinols Glass Co. Used primarily for cover- 
ing pipes & vessels this hydrous calcium 
silicate product has unique advantage of 
expanding slightly to 1,100° F 


18 Transducer. New applications includ 
ing ultrasonic processing are seen for an 
improved barium titanate transducer that 
markedly increases scope of application of 
high-frequency utrasonic equipment. Makes 
possible low-cost ultarsonic processing at 
boiling temperatures of food, drug, & 
bacteriological work where 
must be sterilized; ultrasonic treatment of 
highly viscous liquids, & others. McKenna 
Laboratories. 


transducers 


19 Vacuum Gage. A fourstation vacuum 
gege which gives continuous pressure read- 
ings from 100 millimeters Hg to 1 micron 
now available in the U. §. from Con- 
solidated Electrodynamics Corp. Autovac 
is self-balancing, direct-reading, hot- 
wire type gage. High degree of calibration 
stability. 


20 Liquid Level. Applicable to all open 
type liquid containers & operating in any 
electrically conductive liquid is Blue M 
Electric Co's. portable electronic liquid 
leveler which automatically maintains liquid 
level of bath mediums to @ constancy of 
+0.046 in. The peckaged unit includes 
electronic relay, high & low level stainless 
steel 186 probes, solenoid vaive, 36 in. 
nickel plated copper tubing & brass needle 
valve. 


21 Glass Lined Reactors. New construc- 
tion features now available on small glass 
lined reactors built by Pfaudier Co. include 
pressure lubricator for seal on series “P”’, 
or construction for high pressure work. 
High pressure unit rate at 150 Ib./sq.in. 
New hydraulic or air motor drive available. 
Bulletin on line plus data sheet on type 


22 Strainers & Air Eliminators. Rockwell 
Mfg. Co. announces that it has redesigned 
its line of strainers & air eliminators for 
use with liquid meters. Offers new straight- 
through flow, greater ruggedness & in- 
creased versatility. Advantages of new 
strainers are large screening area & new 
double-basket construction. Several models 
Ilustrated binder insert bulletin. 


23 Filters. Newly engineered filter hous- 
ings series QS developed by Cuno Engi- 
neering Corp. Designed for process liquids 
& high capacity lube systems on engines & 
machinery. Feature easy maintenance, effec- 
tive micronic filtration, high flow rates, 
lower cartridge replacement cost. 


24 Mechanical-Drive Motor. A new mois- 
ture-, dust- & explosion-proof electric motor 
for mechanical drive applications available 
from Borg Warner Corp. For use in min- 
ing, dry milling, cement processing chemi- 
cal & other industries. Many models in 
sizes from 20 to 450 h.p. 


25 Fluid Agitators. A packaged fluid agi- 
tator service said to be first in the field is 
offered by Philadelphia Gear Works. One 
centrally-controlied source solves your fluid 
agitator problems. Iilustrated binder insert 
bulletin describes construction with cuta- 
way drawings, tables, etc., plus other perti- 
nent data 


26 Temperature Controller, A_ technica! 
data sheet from Black, Sivalls & Bryson, Inc. 
introduces Type 1460 temperature con- 
troller for positive fluid flow control through 
diaphragm operated vaives, based on tem- 
perature variations. External vapor-tension 
thermal system used to actuate power unit 
in pilot. Offers choice of temperature 
ranges 


27 Distillation Apparatus. Precision Scien- 
tific Co, announces redesign of automatic 
distillation apparatus, eliminating tedium of 
repetitive test chores in quality control. 
For use in distillation of fuel & other oils, 
lacquer solvents, crude petroleum, etc. 
Completely automatic. 
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28 Dust & Fume Collectors. Wet type 
dust-fume collectors are new with the Zack 
Co. Consist of a cylindrical drum & in 
ternal wash-producing structures. Said to 
have unique, original cone & baffle design 
resulting in cyclonic washing action, creat- 
ing turbulence which separates wet dust & 
carries it to sludge tank for removal. 
IMustrated bulletin gives other details. 


29 Indicating Pressure Controller. Aveail- 
able in ranges from 0 to 50 & O to 
200 |b./sq.in. a new Minneapolis-Honeywell 
Regulator Co. unit. On-off or 10% Throttlor 
control. Case matches that of small-case 
temperature controller. Data sheet. 


30 Positive Displacement Pump. ©.K. Me- 
chine & Tool, Inc. has a new all-purpose 
chemical positive displacement pump. Die 
phragm type, has pump head, valve com 
ponents, connecting flanges & nipples of 
solid Teflon. Liquid being pumped contacts 
only Teflon. Pumps all acids .of high or 
medium concentration, alkali solutions, pe 
troleum hydrocarbons, & mixtures of these 
materials at -50 to 300° F 


3) Pressure Gage. A precision instrument 
said to give continuous & accurate read- 
ings of pressure under long exposure ta 
high temperatures & radiation developed 
by Callery Chemical Co. Application not 
limited by specific liquids or gases because 
pressure-sensing bellows may be fabricated 
from many resistant materials. Bulletin. 


32 Surface Thermometer. A compact spot 
check surface thermometer featuring «4 
range of 50 to 1,000° F., & which operates 
easily & fast. Made entirely of stainless 
steel. Thermometer reaches stability in 60 
seconds by merely laying instrument on 
surface to be checked. Also reads ambient 
temperatures in furnaces, ovens, other er- 
closed spaces. Pacific Transducer Corp. 


33° Heat Exchanger. Type BD an improved 


design heat exchanger from Schutte & 
Koerting Co. is made in single- & two-pass 
designs. Bulletin supplement describes both 
types, gives data on features, construction, 
sizes available & dimensions. 


34 Two-Stage Canned Motor Pump. From 
Chempump Corp. a 3 h.p. series unit. Used 
for handling corrosive, toxic, explosive, 
other hard-+to-handie liquids. Pumping 
chambers can be piped in series or parallel 
for high head or volume pumping. 
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35 Spectrophotometer. A new type 
double-beam, double-monochromator optical 
design unit gives fast, high-resolution scans 
associated with double-beam system, plus 
spectral purity & extra resolution. Operator 
can operate unit single beam for high quen- 
titative accuracy. Controls provide flexible 
operation. Beckman Instruments, inc. 


36 Water Jet Eductors. Bulletin from 
Schutte and Koerting Co. describes a tank 
mixing eductor not considered in other 
literature. Used where desirable to start 
mixing from shallow level or where uni- 
form local agitation is required over large, 
shallow tank erea. 


37 Electronic Control. Developed by 
Fielden instrument Div. a low cost solution 
conductivity controller where recording is 
not needed. Applicable in water treat 
ment, chemical, nuclear energy, power & 
metal processing industries. Has two zone 
action for alarm & control. Ranges of con- 
ductivity 0 to 30 micromhos/cm3, or 20 
to 200 micromhos/cm3. 


39 Manometers. A quick-reference guide 
to manometer-type instruments now aveil- 
able from Meriam instrument Co. Four 
basic types range from simple U-tube to 
ultra-precision models. Provides selection 
principles. Specialized units also described 
for pressure, vacuum, flow & liquid level 
services. 


40 Condensate & Vacuum Pumps. Com 
plete line of vacuum pumps plus Sarco 
Co., Inc. type S condensate pump covered 
in late bulletin. Cutaway illustrations, pump 
selection guide & installation diagrams in- 
cluded. 


41 Heat Transfer Apparatus. Sections of 
various types for use in building cooling 
& condensing systems for process fluids 
described & illustrated in catalog from 
National-U. S. Radiator Corp. Comprehen 
sive reference guide on apparatus in line, 
data on use in various types of plants, de 
sign features, physical characteristics in 
cluded. 


Complete Helco-matic system is contained in 
single console no larger then standard filing 
cabinet. Combination of material weights & 
selections the unit can control are unlimited 


Vol. 52, No. 4 


42 Centrifugal Pumps. New with Ampco 
Metal, inc. are centrifugal pumps con- 
structed of Illium G alloy. Available for 
delivery from stock in sizes from fractional 
flow to 4 x 3 in. Capacities 600 gal./min. 
at 150 ft. head. 


43 Hydraulic Pump. Handling of abrasive 
& corrosive muds, slurries & solutions is 
the function of « new hydraulic pressure 
exchange pump from Manton Gaulin Mfg. 
Co., Inc. Said to be of revolutionary de 
sign eliminating plungers & packing. Posi- 
tive & permanent separation of product 
being pumped from contact with moving 
parts. Pressures to 2,000 Ib./sqin. & 
capacities to 120 gal./min. Bulletin. 


44 Glass Shell & Tube Heat Exchangers. 
Of special interest to design engineers « 
manual from Corning Glass Works on Pyrex 
brand modular glass shell & tube heat ex- 
changers. Aids in selection of correct 
module for system used. Includes drawings 
plus engineering date other pertinent in- 
formation. 


45 Infrared Analyzer. Difficult process 
streams in chemical & petroleum industries 
may now be automatically analyzed with 
use of an infrared analyzer manufactured 
by Applied Physics Corp. Typical applice- 
tion is determination of CO & CO, in 
concentrations of p.p.m. analysis of iso 
butane in mixtures of pentane & n-butane 
& determination of HCl-ethylene ratios 


46 Valves. A_ tight<losing valve with 
good modulating characteristics & par 
ticularly applicable on medium & high 
pressure pipelines for difficult dead-end or 
complete shutoff has been developed by 
Robertshaw-Fulton Controls Co. Binder in- 
sert data sheet shows schematic drawing, 
gives other details 


47 Liquidtevel Controls. Recent svtomatic 
controls developed for petroleum producers 
& refiners by Enniscope may now be ap 
plied in chemical industries. Measure fluid 
levels or interface of two liquids. Handle 
many diverse liquids including corrosives 
Data folio available. 


Developments of the Month 
(Continued) 


115 Electronic Weigh Batching System. A 


system which will work in conjunction with 


IBM's punch card system hes been perfected 
by Heltzel Steel Form and tron Co. Called 
Helco-matic Batchmaster, it unites for the first 
time the speed & accuracy of electronics with 
commercially acceptable weighing units. Using 
IBM punch cards, the unit automatically selects 
& weighs out the precise amount of any number 
of materials 


(Continued on page 76) 
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48 Expansion Joints. Flexonics Corp. 
offers a 24page expansion joint design 
guide replete with engineering application 
& selection date necessary for solution of 
pipeline expansion problems Discusses 
various aveileble types. Also types of 
pipeline motion solved by such joints 


49 Valve Cover. A line of redesigned 
Spray-Stop valve covers in only eleven sizes 
replaces former 142 sizes required. Covers 
prevent sudden lesks from jetting onto 
personnel & equipment. Non-indicating, 
indicating & Teflon covers available. in- 
dicating type werns of leaks by vivid color 
change. Neirad industries, inc. 


50 Top-Entering Mixer. New bulletin from 
Cleveland Mixer Co. on series K top-enter- 
ing mixer. Features include easily changed 
speed, 2stage helical gear reduction, 
flexible agitator, thrust bearing, all steel 
housing, flange mounting, Date sheets 
show schematic drawings give all other 
pertinent data 


5) Centrifugel Pumps. feature of new 


general service pumps from Dean Brothers 
Pumps inc. is that only three parts-—im- 
peller, casing & back head cradle vary with 
size & capacity of line of seven pumps. All 
other parts same throughout line. Bulletin 
shows schematic drawings, gives details of 
design, construction & specifications 


52 Refractometer. Rugged portable differ 
ential refractometer from Phoenix Precision 
Instrument Co. is designed for direct meas 
urement of difference in refractive index 
between « dilute solution & its solvent 
One mi. of solution & one of solvent re 
quired for measurements. Limiting sensi- 
tivity ebout 3 in 6th decimal plece & 
differences in index to 0.01 can be 
measured. 


53 Diaphragm Valve. One of the edven 
tages of the new Wynn diaphragm valve 
developed by Stockdale Engineering Co 
is straightthrough flow without dam to 
trap suspended matter. Two-way leakproof 


(Continued on page 76) 


To get betch required, operstor in 
serts punch card in sot provided, 
automatically activating Helco-metic 
which controls weighing sepperetus, 
getes and valves 
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control of acids, oils, slurries & most hard 
tohandle fluids. Self-draining valve pro- 
vides unrestricted path for material to pass 
across smooth valve floor, Keeps pressure 
up eliminating necessity for cleaning ports. 


54 Expansion Joints. Called Hydrolastic, 
expansion joints hydraulically formed & 
dynamically controlled are subject of 24 
page catalog from Cook Electric Co. In- 
cludes details of construction, specifications, 
as well as application data for various 
piping systems. 


55 Centrifugel Pumps. Announced by 
Allen-Sherman-Hoff Co. an improved line 
of Hydroseal pumps for transporting abre 
sive materials with high efficiency, from 
power & petroleum plants. Two types in 
many sizes. One employs special linings & 
is suitable for pumping fine solid materials 
where resistance to chemical reaction is 
important. The other employs hard metal 
alloy wearing parts & is suitable for sharp 
edged solids handling. 


56 Mathematical Charts. Two new charts 
which speed mathematicai calculations from 
Frederick Post Co. Called Calculine they 
provide an economical tool used for same 
purpose as calculating machine or slide 
rule. Consist of a log-scale superimposed 
diagonally upon a log log grid. Includes 
scales for multiplication & division. Others 
for obtaining square or cube root & loga 
rithm of @ number. 

Developments of the Month 
(Continued) 
116 Gas Masks. 


which presents maximum usable vision pat 


A special test bulletin 


terns of gas mask equipment is available 


from Acme Protection Equipment Co. Test 
data obtained through the use of a Vision 
Scope (shown in accompanying photo) ac 
curately checks all ranges of vision angles 
for both single & double-lens types of gas 
masks 
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57 Reflux Heads. Automatic distillation 
reflux heads for high vacuum, pressure & 
ternperature or for corrosive or 
service. Eliminate reflux control problems 
with simple, sccurate operation. Bulletin 
contains cuteway view plus other informe- 
tion. Distillation Engineering Co 


58 Flow Indicator. A ball-type flow indi- 
cator announced by Schutte and Koerting 
provides a dual scale for approximate 
measurement of water flow in gal./min. & 
air flow in cu.ft./min. Inexpensive but 
sturdily built instrument for indicating 
water or air flow & approximate rate is 
exceptionally versatile for industrial use. 
Bronze indicator stocked in V4 to 2 in. 
pipe connection sizes. 


59 Process Units. Custom made steel & 
alloy tanks & vessels for processing indus- 
tries available from Nooter Corp. New 
catalog describes facilities & workscope. 
Includes comprehensive corrosion data 
tables for various metals. 


60 Package Pump. Announced by Layne 
& Bowler Pump Co. a new pumping unit 
for wells as small as 4 in. in diameter. 
Called Vertiline Package Pump it is pre- 
engineered for ordering by unit number & 
delivery as complete package. Two sizes, 
4&6 in. Over 80% efficient on lab tests. 
Sizes 2 through 7V2 h.p.; heads to 340 ft.; 
capacities 200 to 7,500 gal./hr. Data sheet. 


61 Pilot Plant Centrifuge. For use in labo- 
ratories, plant research & small scale pro- 
duction unit called Westfalia 1G-205 
Liquid-SEAL centrifuge, Feature is enclosed, 
foamless pressure discharge of separated 
liquids or clarified effluent. Has inter- 
changeable-bow! arrangement. Centrico, 
Inc. Folder available. 

62 Pressure Leaf Filters. New scavenger 
leaves on Niagara Filters Div., style H 
horizontal tank pressure leaf filters elimi- 
nate unfiltered heel to 1% or less. Heel 
can be blown down so only 2 to 3 gal. 
remain in filter tank whose normal heel 
is 350 gal. Leaves eliminate necessity for 
holding heel for next cycle. Advantageous 
for batch filtration. 


63 Industrial Fans. A well illustrated 72- 
page catalog from American Blower Corp. 
describes the new series 106 Industrial 
Fans which provide fullrange coverage of 
industrial air & material handling require- 
ments. Lists features, discusses wheels & 
arrangements, optional construction, modi- 
fications & special design & construction 
for high temperature operation. Section on 
new Package Industrial Fan, a self-contained 
unit, 


services- 
90 High Alloy Assemblies. folder from 


General Alloys Co. announces their avail- 
ability as custom fabricators of high alloy 
assemblies for the process & allied indus- 
tries. Describes & illustrates company’s 
specialized services for assembly produc- 
tion, Facilities include modern welding 
setup, complete foundry, plus chemical & 
metallurgical laboratories for research & 
analysis. 


e Technical Literature Technical Literature 


91 Dust Control. A series of pamphlets 
from the Johnson-March Corp. covers their 
dust control systems, dual<clone cyclones & 
reverse air jet filters giving a complete 
picture of their special services in the field 
of dust control. 


92 Fire Protection. Automatic Sprinkler 
Corp. of America in a recent 28-page well- 
illustrated booklet cover the subject of 
fire detection, prevention, control & ex- 
tinguishment as it is associated with the 
field of Special Hazard fire protection, & 
the services they render in this connection. 


materials- 


95 Castor Oils & Chemical Derivatives. A 
catalog & product guide from Baker Castor 
Oil Co. includes information on technical 
literature, plus chapters on specific castor 
oils, fatty acids, esters, metallic soaps & 
specialities, plus various types of charts. 


96 Polyethylene Waxes. Possible applica- 
tions for Epolene a new line of poly- 
ethylene waxes developed by Eastman 
Chemical Products, Inc. are covered in a 
loose leaf brochure recently released. Gives 
important physical properties of two types 
of Epolene, along with tables of com- 
patability with other synthetic & natural 
waxes, resins & dyes. 


97 Silicate Insulation. Titled “Thermo- 
bestos Pipe & Block Insulation,” a booklet 
from Johns-Manville. Information given on 
hydrous calcium silicate insulation for hot 
outdoor piping & process equipment opera- 
ting at service temperatures up to 1200° F. 
Sections on prefabrication of fittings, 
physical & thermal properties & tables of 
available sizes & thicknesses. Complete 
heat transmission tables for both pipe & 
block insulation. 


98 Activated Charcoal. A survey of sol- 
vent & air recovery using activated char- 
coal available in a technical bulletin from 
Barnebey-Cheney Co. Covers theory & his- 
tory of solvent air recovery. Using charts, 
tables & graphs bulletin covers estimated 
costs & efficiencies of recovery systems for 
solvents. 


99 Uranium Concentration. A flowsheet 
illustrating uranium concentration known as 
the “Resin in Pulp” process is available 
from Denver Equipment Co. System has 
not been applicable to ores containing 
vanadium where that material must be re- 
covered. IIlustrates individual process 
steps with diagram & description. 


100 Elastomers. The properties, applice- 
tions, compounding, vulcanization & fabrica- 
tion of KEL elastomer—a fivorocarbon 
rubber with outstanding resistance to heat 
& corrosion— form the subject of com- 
panion brochures from M. W. Kellogg Co. 
First of booklets, 16 pages, designed for 
users or specifiers of the elastomer avail- 
able in two grades of gum which differ 
in processing characteristics & vulcanizate 


properties. 
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7 CHECK your Data 
Service requests on 
the handy postcard 
on page 67 to 

GET up-to-the-minute 
catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 
ment. 


101 Chemical Bulletins, An up-to-date 
listing with brief descriptions, of all avail- 
able chemical bulletins, issued by Climax 
Molybdenum Co. Designated CH-3 the 4- 
page compilation is available on request 
Included are a Chemical Data Series, one 
on Agriculture, Analysis, Ceramics, Cate- 


lysts, Colors & others. 


102 Chemical Resistance Chart. Nearly 400 
reagents are listed in a new chemical re- 
sistance chart available from American 
Agile Corp. Shows compatibility & non- 
compatibility of reagents to polyethylene, 
nor-plasticized polyvinyl chloride, high im- 
pact polyvinyl chloride & other materials. 


103 Chemical Intermediate. A_ versatile 
substance useful in preparation of drugs, 
insecticides, dyestuffs, chelating agents, 
amino acids & other complex organic com- 
pounds, has been made available in pilot 
plent quantities by Chas. Pfizer & Co., Inc. 
Called DMADA, the dimethyl ester of 
acetonedicarboxylic acid it is being actively 
tested in many industries. Data sheet avail- 
able. 


104 Plesticizer, Properties & cheracter- 
istics of HB-40 « low-cost secondary ples- 
ticizer said to be compatible with many 
resins, described in bulletin from Monsanto 
Chemical Co. Widely used as extender-type 
plasticizer for polyvinyl chloride resins, 
polystyrene, asphaltic materials & others. 
Recommended applications listed. 


105 Coerresion Proofing. Pennsylvania Selt 
Mfg. Co. offers @ brochure on corrosion 
proofing materials & techniques. Contains 
detailed information on cement mortars, 
interliners & linings for surface treatment. 


106 Inhibitors. Developed by O’Brien 
industries, Inc. inhibitors for use with sul- 
famic ecid & all sulfate base acids plus 
phosphoric acid. Effective protection for 
metal surfaces against attack while in 
combination with sulfate base acids & 
phosphoric acid tor clegning operations on 
evaporators, boilers, other heat exchange 
equipment. 

107 Coating. An all-purpose black coating 
for protection of metal, wood or concrete 
against practically every exposure condi- 
tion is announced by Maintenance inc. 
Called Everwear J-41-6, paint is seid to 
form bright ebony bleck finish impervious 
to moisture & resistent to chemical ettack 
by gas fumes & smoke. 
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SOLVE COMPLEX 
FILTER PROBLEMS 


WITH INDUSTRIAL’S NEW 
BUILT-TO-ORDER FEATURES 


Industrial offers much more than a line of 
standard filters .. . a complete filtration engineer- 
ing service from fluid analysis to installation. Industrial 
is ready and able to help you specify the right equip- 


ment for common or unusual needs. 


adapted for special uses .. . these Verti- 
cal Filters typify industrial engineering . . . purposely 


designed to be built for your exact needs. 


Several of the many possible modifications are shown 
at the right .. . for recovery of large volumes of solids 
the bottom opening filter is ideal; for smaller volumes, 
the clean out door is more practical and less costly. 
example of specialization is the jacketed 
shell filter, for use where small temperature variations 
ore important. Other optional features are quick- 
Opening covers, individual leaf outlets and self- 
cleaning devices that offer slvicing, shaking or oir 


A +h 


wash cleaning. 


Lower filtration cost . . . proven performance, 
minimum down time, the use of low cost but efficient 
filter media plus a design exactly suited to your 
needs, all contribute to Industrial’s low over-all cost 


per galion of filtrate. 


Write now for details on flow sys- 
tems, special equipment, filter and 
leaf construction. Ask for 8 page 


Bulletin 1. 


RECOVERING LARGE 
VOLUMES OF SOLIDS 


“RECOVERING 
or 


JACKETED SHELL 
FOR UNIFORM 


FILTER & PUMP MFG. CO. 
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MEASURING THE PERFORMANCE 


of 


ENGINEERS AND SCIENTISTS 


R. A. Kinckiner 


Deputy Director, Engineering Research Laboratory t 


Engineering Department, E. |. du Pont de Nemours & Company 


I’ it possible to measure the perform 
ance of an engineer or a scientist? 
Many insist that this cannot be done, 
yet it is being done daily, When a man 
is selected for promotion or transfer, 
or is given an increase in salary, his 
performance has been measured and 
his potentiality has been assessed, even 
though it may have been done by intui- 
tion. When a scientist asks a ‘co-worker 
for assistance, he usually has appraised 
several of his co-workers, although he 
has almost certainly done so intuitively. 

The question then is not whether the 
performance of engineers and scientists 
can be measured but how best can 
the measurement be made. Do 
wish to use intuitive judgment alone 
or more precise methods of analysis 
and appraisal to assist our intuition? 
Certainly, as scientists we accept the 
use of methods and devices to measure 
scientific phenomena, Why not then 
use some analytical procedure to ap 
praise the performance of scientific 
personnel ? 

Perhaps we can best grapple with the 
question by reviewing the methods of 
appraisal that have been developed and 
by acquiring an understanding of their 
underlying principles. In reviewing 
the various methods, a procedure suc 
cessfully used by the Engineering De 
partment of the Du Pont Company for 
a number of years will be presented as 
an illustration of the “Chart System.” 


we 


THE VARIOUS NON-CHART SYSTEMS 
Renk Order System (1) 


The persons to be appraised are 
ranked in order from best to poorest 
for each personal quality* on which a 
comparison is desired. When a number 


t Now Staff Assistant, Development Engineer- 
Division, Engineering Department, E. |. du 


ing 
Pont de N & Cc 


of qualities are considered, the ranking 
must be repeated for the entire group 
as many times as there are personal 
qualities, which is time-consuming. 


4 


A facsimile reproduction of the Personnel 
Appraisal Chart in use in DuPont's Engi- 
neering Department, showing general 
layout. 


The rankings for each quality of a per- 
son can then be added to get a com- 
posite ranking. This is one of the most 
accurate methods for comparing mem- 
bers of a single grouping. All gradings 
are relative and hence intercomparison 
between persons in different groupings 


*The word “quality” will be used in this 
paper to mean the personal quality, trait, or 
characteristic that we wish to analyze, compore, 
or grade. This quality may refer for example to 
knowledge, analytical ability, quantity of pro- 
duction and the like, or to job performance as 
a whole. 
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can lead to false conclusions. If a series 
of qualities is appraised and it is de- 
sired to weight them, a further compli- 
cation is added. Under these circum- 
stances, the chart system is much to be 
preferred. 


Paired Comparison 


Each person in a group that is to be 
appraised is compared with every other 
person and rated as superior to the 
second person or not. Numerals can 
be used for this purpose giving the 
superior man a rating of 1 and the 
inferior a rating of 2. The sum of the 
ratings will form a list giving the pre- 
ferred order from the best to the 
poorest, the lowest number being the 
best. This system is really a means of 
arriving at a rank-order rating and is 
subject to the same limitations and can 
be used for the same purposes. 


Forced-Distribution System (1) 


Groups of persons to be appraised are 
placed into some designated distribu- 
tion. The one most usually used is 
10%-20-40-20-10%, from poorest to 
best. The group must be placed accord- 
ing to the selected percentages, ie., 
only 10% can be in the highest bracket, 
10% must be in the lowest and the 
intermediate groupings must likewise 
adhere closely to the intermediate per- 
centages; hence the distribution is 
“forced.” Normally, job performance 
is the only quality graded. Even though 
only this one quality is considered, ex- 
tensive statistical examination has shown 
that because of the “halo” effect (tend- 
ency of the appraiser to rate a man at 
about the same level for all qualities) 
encountered in more detailed procedures, 
the “Forced-Distribution System” gives 
results of equal reliability with greater 
simplicity. 

(Continued on page 80) 
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Essential contents of the Du Pont 
chart are shown in Table A. The chart 
has been used successfully to appraise 
the performance of engineers of all 
types and experience, and of scientists. 

The purpose of this appraisal is: 

(1) To provide an equitable basis 
for promotions, transfers, 
and releases 

(2) To keep employees informed of 
their progress and satisfied as to the 
fairness of their treatment. 

(3) To make employees aware of 
their deficiencies and thus to assist them 
in improving their performance. 

Thirteen personal qualities were se- 


demotions, 


lected to analyze the engineer's ability 
and performance. It is admitted that 
other qualities could be added or sub 
stituted and it is recognized that other 
words might be preferred to describe 
these qualities. In fact, the wording has 
been refined a number of times 
Originally, the various qualities were 
assigned numerical ratings and a total 


grading was obtained. These numbers 
were so misused that they were dis- 
continued. Since only five gradings 


were possible, accuracy was only plus 
or minus one grade, or 20%. It was 
extremely difficult to get this fact ac- 
cepted by those not intimately connected 
with the system. The gradings are used 
detailed of each 
man’s performance and capabilities. 

As a substitute for the the 
appraised person is now placed in one 
of five groups from best to poorest but 
the distribution is not forced. Group 
1 represents those who have the best 
performance or the greatest potentiality, 
those in Group 2 produce relatively less, 
and so on until Group 5, which contains 
those that produce the least and have 
the potentiality. However, the 
performance of persons in Group 5 is 
satisfactory. Where a person’s per- 
formance is not satisfactory he is 
transferred or released. 

rhe two lower grades in each quality, 
designated “marginal” and “inadequate 
for position,” are intended to indicate 
those conditions where effectiveness is 
questionable. Normally, the spread is 
only within the top three grades, with 
an occasional check in the “marginal” 
column. Since all of the qualities are 
considered important to the job, any 
checks under “marginal” and “inade- 
quate for the position” are the cause 
for immediate and positive action to- 
ward correction. 


to “force” a analysis 


ratings, 


least 


It is perhaps obvious 
that these two lower columns apply for 
the most part to employees newly as- 
signed to the job. It is understood by 


the appraisers that no person will be 
supervision for 
sufficient 


removed from their 
unsatisfactory work unless 


indication of poor performance is found 
in the two lower columns. 

At the bottom of the sheet is a block 
to record a plan for the development 
of the employee. Normally this block 
records some action to be initiated by 
the appraiser or the appraised person 
However, a negative answer such as 
“no action is required” is acceptable if 
supported by the evidence. 

The detailed analysis is also used to 
develop 
person, which supplements the chart 
This paragraph is “forced’ to 
extent since it must 

(a) Explain gradings if necessary. 

(b) Record meritorious performance 
or otherwise. 

(c) Record the engineer's reaction to 
the rating and interview. 


a written paragraph for each 


some 


TABLE A 


The personnel appraisal chart of 
DuPont's Engineering Department 
Development Engineering Division 
rates the employee's personal quali 
ties as listed below under these cate- 
gories: outstanding ; more than ade 
quate; adequate for position; mar 
ginal; and inadequate for position 


1. KNOWLEDGE: Consider job require- 
ments both technical and general; 
geined through experience, educe 
tion, specialized training 

2. CREATIVENESS: Consider ability to 
think slong original lines 

3. ANALYTICAL ABILITY: Consider 
ability to reason from cause to 
effect and to weigh and reconcile 
conflicting data 

4. INITIATIVE & RESOURCEFULNESS; 
Consider ability to cope with new 
situations and to handle assign- 
ments without detailed direction, 
follow-up 

5. QUANTITY OF PRODUCTION: Con- 
sider volume of acceptable work 


produced. 
6. QUALITY OF WORK: Consider ac- 
curacy, thoroughness, and facility 


with which his work can be fol- 
lowed by others. 

7. ABILITY TO SPEAK CLEARLY: Con 
sider ability to convey ideas in 
oral instructions or reports 

8. ABILITY TO WRITE CLEARLY: Con 
sider ability to convey ideas in 
written instructions or reports 

9. JUDGMENT AND COMMON SENSE: 
Consider ability to make decisions 
logically and check himself without 
definite rules 

10. COOPERATION: Consider manner 
of handling business relationships, 
teamwork, participation, loyalty 

11. OPEN-MINDEDNESS: Consider re 
action to opposing points of view 
and willingness to receive sugges 
tons 

12. RELIABILITY: Consider consistency 
of work and dependence which 
can be pleced on it 

13. LEADERSHIP: Consider ability to 
organize and direct others or secure 
acceptance of his ideas by associ 
ates. 


——— PERSONNEL APPRAISAL CHART PLAN USED BY DU PONT ENGINEERING DEPARTMENT ——— 


(d) Discuss the situation in regard 
to the potentiality for and timing of 
promotion 

(e) List such 
seem pertinent. 


Procedure for Using the du Pont Plan 
(1) The “Personnel Appraisal” is 
made by the rated person's immediate 
The individual “personal 
qualities” are carefully considered and 
From 


critical incidents as 


supervisor 


the appropriate column checked 
this, a “personal development program” 
for the rated employee is developed and 
recorded. An alternate procedure is to 
develop the program during the rating 
discussion with the appraised person 
(2) Rating is discussed with the next 
subsequently, 
Any 


significant differences between the two 


higher and, 


compared with the past ratings 


supervisor 


supervisors or between appraisals must 
be reconciled or explained. 

(3) The 
with the 
This step is extremely important. It is 


analysis is now discussed 


person who has been rated 
my opinion that no plan can be success 
ful unless the results are discussed with 
To do 80 allays 


cooperation, 


the person being rated 
su pic ion, 
cures constructive action more promptly, 
and is insurance that the appraiser will 
use more considered judgment 

be conducted in 
ways. Usually a blank 
used and the level of 


prom tes 


This discussion may 
one ot several 
appraisal sheet 1s 
the rated person is developed item by 
item. The rated person is always told 
where supervision has placed him and 
so doing, using concrete 


alter 


the reason for 
examples wherever possible. An 
nate course is to let the man rate him 
self and then give him the supervisor's 
rating. Oddly, most persons rate them- 


selves lower than does the supervisor 

Many supervisors work out with the 
appraised person the “personal develop 
ment program” This is 


a quite satisfactory procedure and, in 


at this point 


my opinion, is to be preferred to doing 
it earlier, because the appraised person 


has a voice in suggesting ways for im 


proving his own performance, which 
facilitates its acceptance 
(4) After the interview, the super 


visor prepares the paragraph which then 
the “Personal Appraisal.” 
this 


accompanie 

The 
paragraph but a statement must be in 
cluded that everything except the state 


rated person does not see 


ment on promotability has been dis 
cussed with him or if not the exceptions 
noted for management's decision. 

(5) After the 


pleted the paragraph, the chart is again 


supervisor has com- 
sent through line organization for care 
ful checking and approval 

(6) The chart is finally typed 


initialed by reviewers and filed 


igned, 
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F 


pH, 


CONTROL 


with 


TAYLOR 
COMPARATORS 


Helps determine 
EXACT amounts of 
chemicals needed 
for adjustments 


Fast, accurate colorimetric anal- 
yses, with Taylor Comparators, 
make it easy to determine the 
exact amounts of chemicals 
needed to control many chemical 
procesees, Colorimetric testa with 
Taylor Comparators may be 
made on the spot in only a few 
minutes, Simply fill the three 
test tubes with the solution to 
be tested, add reagent to center 
tube and move color standard 
slide across until colors match. 


Taylor Comparators are durable, 
lightweight and portable; many 
serve for several determinations 
with only a change of color 
standard slides. 


Taylor liquid color standards 
earry an unlimited guarantee 
against fading. There's no danger 
of mechanical inaccuracy. Each 
complete set of standards is 
mounted in a lightweight, dur- 
able plastic slide . . . no single 
standards to handle. 


CALL YOUR LABORATORY SUPPLY 
HOUSE for Taylor sets, or write direct 
for FREE HANDBOOK, “Mod- 
ern pt and Chiorine Control”. 
Gives theory and application 
of ph control, illustrates ond 
describes full Taylor line. 


W. A. TAYLOR %:° 


412 RODGERS FORGE RD + BALTIMORE 4 MD 
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MEASURING THE PERFORMANCE 


OF ENGINEERS AND SCIENTISTS 


(Continued from page 78) 

Because each person is graded in 
terms of his particular job, persons 
with quite dissimilar jobs can be in- 
cluded and it will not be inconsistent 
to have a supervisor rated in the middle 
bracket and one of his men placed in a 
higher bracket. 

Grading on promotability is usually 
added by designating a man in one of 
three classes: ready for promotion, un- 
certain, and not ready. 

Advantages are: simplicity, ease of 
use, and accuracy when a sufficiently 
large number are rated. Disadvantages 
are: unsuitability for smaller groups, for 
discussion with the rated person, and 
for rating a number of qualities. 


Critical-incident Method 


This method requires the listing on 
some periodic basis of incidents 
occurring during the work day that are 
indicative of some personal quality and 
good performance, or the lack thereof. 
To be fair, the incidents must be 
recorded in sufficient detail and as soon 
after they happen as is practical. The 
appraiser thus should spend a brief 
period at the end of each day recording 
such incidents. 


The complete picture will give an 
excellent indication of a person’s abili- 
ties, performance, and limitations. How- 
ever, it is unwieldy, requiring much 
time. Further, there is usually little that 
can be discussed with the appraised 
person because : 

(1) Each incident should be handled 
at its occurrence if correction is de- 
sired. 

(2) A fruitless argument about de- 
tails ensues when the appraised person 
is shown such a list at a later date. 

Comparison is difficult because of 
nonuniformity, and some other system 
must be used to obtain a grading, if 
desired. 

Alone it is not satisfactory for 
measuring the performance of scientists 
but it is a valuable supplement to other 
methods. 

This method (6) was developed dur- 
ing the War. 


Freely Written Poragraph 


A paragraph is required on each per- 
son on some periodic basis, usuai.y 
monthly or quarterly, giving a sum- 
mary of the worker’s qualities and 
deficiencies. From period to period, 


The Answer to Your 
SEALING PROBLEMS 
in the Palm of Your Hand 


engineered rotary 
mechanical seal that is made 
to meet YOUR SPECIFIC 
SEALING NEED using 
selected alloys, carbons and 
ceramics. 


In general, Dura Seals can 
be installed on new or exist- 
ing equipment—no sleeves or 
special machining necessary. 


DURAMETALLIC 


KALAMAZOO 
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these should show the worker's progress, 
performance, and potentiality. 
Comparison is difficult because of 
nonuniformity, the supervisor being 
permitted to write freely as he wishes. 
The supervisor usually relies on his 
memory. This practice will produce 
less satisfactory results than will the 
“Forced-Written Paragraph.” 


Forced-Written Paragraph 

This method requires that the para- 
graphs must cover certain designated 
areas for each man. It is superior to 
the “Freely Written Paragraph,” par- 
ticularly if the “Critical Incident 
Method” is used to obtain substance 
for the paragraph. 

Items usually covered are personal 
qualities, performance, deficiencies, po- 
tential ability, and progress. 

The “Forced-Written Paragraph” 
alone will prove inadequate. Para- 
graphs are likely to differ widely from 
appraiser to appraiser. The plan can 
be used to supplement other plans, 
however, and somewhat modified is so 
used in the Du Pont chart plan. 


Werk-Saempling and Rating 

A rater or appraiser (specially 
trained for the purpose) interviews 
workers asking them questions to sam- 
ple their job knowledge. A record of 
the accuracy of the answers is main- 
tained and the person rated is usually 
given a numerical grading similar to 
a college quiz system. The summation 
of gradings over an extended period is 
the worker's rating. 

As far as is known, this method has 
been used only for artisans, craftsmen, 
and manual workers and does not ap- 
pear to be applicable to technical per- 
sonnel. An important consideration is 
the impression that may be made on the 
rated person during the interview. 


Ferced-Choice Method (2,3,4,5) 

A series of statements or phrases is 
supplied for the appraiser, who is 
usually the supervisor, to check. The 
statements are arranged in blocks of 
four and each rating sheet will contain 
from 30 to 50 blocks depending on its 
purpose. 

The appraiser is required to check 
the statement which is most descriptive 
of the worker and the one least descrip- 
tive regardless of whether or not they 
apply exactly. The appraiser does not 
know the value of the blocks or the 
system of scoring. The system of scor- 
ing (5) is too intricate to describe 
herein, but is designed to prevent bias, 
and studies have indicated that it will 
do so. 

Because this method does not lend it- 
self well to discussion between the ap- 
praiser and the appraised, it therefore is 


(Continued on page 82) 


Vol. 52, No. 4 


Chemical Engineering Progress 


NIAGARA SECTIONAL 
Aero HEAT EXCHANGER 
gives close temperature control, 
saves you LABOR, Power, Water 


@ Because the new design improves the heat transfer to the 
out-door air by evaporation. 


@ Because new features keep your equipment working for long 
life with “new plant’ efficiency...always full capacity. 


@ Because you save 95% of cooling water cost. 


You get faster, more accurate cooling of industrial fluids to specified 
temperatures. 

You improve your quality of production by removing heat at the rate 
of input. 

You save labor in upkeep. With full access to all interior parts and 
iping you see everything in easy inspections. You head off dirt accumu- 
ation and corrosion. Casing panels are removable without moving the 

coils. The coils can be stajaad Goats both sides. 

First cost is low; a is low because of the lowest space/weight 
ratio; you save much labor in erection. Capacity range is 7,000,000 to 
18,000,000 Btu/hr. No other heat exchange 
method gives you so much saving in money 
and convenience. 

Write for Niagara Bulletin 132. Ask for the 
full story of how you can save expense in your 
plant and improve your product's quality. 


NIAGARA BLOWER 
COMPANY 


Dept. 405 Lexington Avenue 
NEW YORK 17, N.Y. 


District Engineers in Principal Cities 


Over 40 Years Service in Industrial Aur Engineertng 
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ALUMINUM believed to have little value for scien- 


tific personnel. 


GRATING chart system 


By far the larger number of merit- 
WALKWAY & rating plans involve the use of some 
chart that lists a number of personal 
qualities with a series of gradings for 
HANDRAILING each quality, thus permitting an analysis 


and finally some grading of the ap- 


A typical installation frequently praised person. This system appears to 


be the one most suited for merit ratings 
weed the petroleum of scientific personnel, although some 


of the systems just described are valu- 
able supplements. 

There are scores of these charts in 

use, each being designed for its specific 

urpose. Joseph Tiffin (1) found that 

* Heat Exchangers « Towers ° Gratings total of 35 traits, qualities, and quanti- 

Our pressure vessels and tanks are designed and built to ties of performance. The various quali- 

comply with the requirements of the ASME code and we ties are usually, but not always, given 

are authorized to apply the appropriate symbols. numerical values which are weighted 

and can be added to give a numerical 


WASHINGTON ALUMINUM co., Inc. grade, indicative of the worker’s over- 


BALTIMORE 29, MD. & ARBUTUS 2700 all value. 
Pitfalls to be Avoided 


NEW YORK: Murray Hill 7-0926 MOBILE: Hemlock 2-4466 If the Du Pont chart (p. 79) or any 
BOSTON: Liberty 2-7917 NEW ORLEANS: Raymond 9744 similar chart is to be used successfully, 
CLEVELAND: Yellowstone 2-6107 SAN FRANCISCO: Yukon 6-2803 there are several pitfalls that must be 
HOUSTON: Blackstone 6368 avoided, 


“HALO” EFFECT 

This is the tendency for the rater to 
decide intuitively as to the worker’s 
level and subconsciously to justify this 
decision by placing him in approxi- 
mately the same level in all qualities. 

Gradings in individual qualities can 
vary widely, because an engineer can 
have superior knowledge in his field, 
be a penetrating analyst, and yet be 
quite poor in either oral or written 
expression or both. With sufficient 
training and careful attention to the 
description of the qualities, the “halo” 
effect can be minimized to a point 
where it does not significantly affect 
the appraisal. 


INCOMPLETENESS 

Raters must understand the im- 
portance of using the entire scale and 
be checked to see that they are doing 
FULL CONE—HOLLOW CONE —FLAT SPRAY so. Actually, most raters will not object 
to classifying each of their workers in 
accordance with one of four or five 
groupings in each quality, provided the 
low end is not given some highly de- 
rogatory appellation. 


a S P R AY is used, 
E N G | N E E R | N G care must be taken in establishing the 


. weightings for each quality and in see- 
' ; i t th ters d d them. 
COMPANY | the raters ‘understand them 


Discrimination must also in 
132 Central St., Somerville, Mass. assessing the significance of the numeri- 


Spraco has the most complete line of nozzles available 
anywhere — IN STOCK. Capacities range from 1% pint /min. 
to 4000 gal. /min. Bronze, cast iron, and stainless steel. 
Write for our nozzle catalog, 
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If one quality is weighted 


cal rating. 
too heavily, the appraiser will be reluc- 
tant to assign the appraised person a 
low rating in this quality because he 
knows it will count heavily against the 


appraised person. Qualities in which 
gradings cannot reasonably be spread 
over the entire scale should not be in- 
cluded because such qualities tend to 
mask the differences in final gradings. 
Health is an example of such a quality. 
Normally, health either adversely affects 
a person’s work or it does not. Hence 
it will nearly always be given a top 
grading and thus mask differences from 
other qualities. 

TRIVIALITIES 

There a strong tendency 
list trivial deficiencies in the written 
paragraph. This tendency is minimized 
by the necessity of discussing the state- 
ments with the appraised person, but the 
Situation must still be watched by those 
reviewing and approving the para- 
graphs. Only those deficiencies that sig- 
nificantly affect the work or progress 
of the employee should be recorded. All 
of us have some unimportant deficiencies 
and idiosyncrasies and to record these 
is wasteful of time and unjust. 

If a numerical grading is used, a 
central agent should check all gradings 
to see that uniformity of level is at- 
tained by all groups. It is not essential 
that this agent know each man inti- 
mately. A plot of numerical grad- 
ings by groups will normally show dif- 
ferences in level for groups of reason- 
able size and such a check should be 
established. 

These pitfalls that confront the ap- 
praiser point directly and forcefully to 
the importance of training the appraiser 
and of carefully checking the appraisals. 
This is covered by Tiffin in his paper 
“Merit Rating: Its Validity and Tech 
niques” (1). This paper should be read 
by all who are using or contemplating 
some form of “Personnel Appraisal.” 
Training the Appraiser 

The importance of training the ap- 
praiser is so great that it is considered 
desirable to outline the method used by 
Du Pont in connection with its chart. 

The training of the appraiser is done 
‘on the job.” No training course 
used but a thorough and comprehensive 
procedure for making the appraisal is 
given the newly appointed supervisor 
for study just before he is required to 
make appraisals for the first time. 

After this procedure has been studied, 
the problems of appraisal are discussed 
with the newly appointed supervisor by 
his immediate supervisor. The first 
group of appraisals are then made 
jointly by the two supervisors. 

Subsequent groups of appraisals are 
made alone by the newly appointed 

(Continued on page 95) 


1s to 


‘ is 


Vol. 52, No. 4 


SATISFIED PUERTO RICO 
SENDS ANOTHER ORDER 


CONSECO 


Til 


Lert 

CONSECO supplied 
45,000 squere-foot 
condenser, air ejector 
and hogging ejector 
for Unit No. 5. 


FOR THE SAN JUAN 
STEAM ELECTRIC STATION 


The San Juan Steam Electric Station of the Puerto Rico 
Water Resources Authority has been so satisfied with 
Conseco condensing and feed water heating equipment al- 
ready installed and operating with Units 1, 2, 3, and 4, they 
ordered additional Conseco equipment, shown above, for 
Unit 5. The heating section on top of the 36') ft. storage tank 
is 9 ft. in diameter, 10 ft. high, A'S.M.E. Code. This is the 
largest heating unit in the plant, part of the feed-water heating 
system for the 44,000 KW turbo generator system. 


s and other Conseco Equipment. 


on C Condens 


Send for Buileti 


Call on CONSECO for emergency retubing, repairs and maintenance of any tubular equip 
ment, ony moke, ony hour, ony doy (including Sundays, holideys), anywhere on the 
continent. Phone Maintenance Department. 


CONDENSER SERVICE & ENGINEERING CO., INC. <«il/\\{ia 


Designers and Buslders of Equipment for Power Refimng Chemical and Marine industries 
64 Bloomfield Street 


HOBOKEN, N. J. 
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| 500,000 Ib/hr deaerot- 
| ing feedwater heater 
| with 22,000 gallon 
| 
wee® 
| 
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E. R. McCartney, Fluor Corp. 


E. R. McCartney, Fiver Corp. 


SEEING COMPUTERS—Chemical engineers visiting the digital (left) and analog (right) computer installations at the Institute of Numerical 
Analysis Research, U.C.L.A., Los Angeles. 


Los Angeles 
Meeting 
Photos 


ONE OF THE PLANT TRIPS ON THE PROGRAM at the Los Angeles meeting was a tour ef the 
Douglas Aircraft plant at Santa Monica. Here the tour group poses in front of a DC-7B ready 


for delivery. 


PANEL ON SUPERVISION OF PROFESSIONAL PERSONNEL—A good 
reputation in the treatment of professional employees is « strong asset 
in recruiting, according to conclusions reached by the panel members 
shown. L. to r., R. D. Gray, Cal. Tech., moderator; R. W. Krebs, Esso 
Standard Oil (Louisiana) T. R. Sandberg, Cutter Laboratories; L. T. 
Lanz, Monsanto; W. S. Martin, Procter & Gamble; and A. L. Lyman, 
California Research Corp. Panel discussed creativity, leaders, freedom 
of choice in type of work performed, personnel selection effective- 
ness, and other factors. A C. E. P. article based on this symposium 
will be forthcoming 


ROUNDTABLE—Special C.E.P. recording session (basis of article to 
appear later) on Economic Justification of Process Industry Projects, 
with the authors of papers from the symposium of the same name 
L. to r., Henry E. Wessel, International Minerals & Chemicals, modera 
tor; J. B. Weaver and R. J. Reilly, both of Atlas Powder; H. R. Wager, 
Arabian-American Oil; F. C. Jelen, Allied Chemical & Dye; Jack 
Tielrooy, Brea Chemicals; and Norman Krase, DuPont. 
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PIONEER STUDIES IN AIR POLLUTION 
Chairman of the L. A. meeting symposium on 
Air Pollution Hamnett P. Munger visiting Los 
Angeles area facilities; left, at So. Calif. Labs 
of Stanford Research institute, |. to r., R. D. 
Englert, mgr. physical sciences research, SRI; 
L. P. Berriman, chem. engr., SRI; H. P. Mun 
ger; W. L. Faith, chief engr., Air Pollution 
Foundation. Equipment setup in background 
is used for suto exhaust eye irritation study 
sponsored by the Air Pollution Foundation. 
Cer on dynamometer is operated under 
repetitive cycles of varying acceleration-de 
celeration conditions. Exhaust is mixed with 
purified air and piped into UV irradiation 
chamber whence it is distributed to human 
subjects for reports on eye irritations. Meas- 
urements are made of exhaust ges and ex 
haust ges-eir mixture after irradiation. Meas- 


ured variables include total hydrocarbons, 
oxides of nitrogen, and oxidants. Top cen 
ter, same group in front of analytical devices 
used in test setup. At Cal Tech (bottom 
center) Mr. Munger with A. J. Haagen-Smit, 
who is conducting fundamental research into 
the role of ozone as @ smog producing agent 
In the experiments shown, @ small amount 
of gasoline is placed in a glass flask contain 
ing air, and exposed to the light of ordinary 
fluorescent tubes. That ozone is formed 
through the photochemical reaction between 
nitrous oxide and hydrocarbons is demon 
strated by @ small piece of rubber, bent to 
@ 160° angle. By looking at the bent portion 
through the side well of the flask with « 
magnifier (irft), it is possible to observe 
cracks appearing, an index of the rate of 
ozone formation. Cracks are similar to those 
which form in the side walls of tires 
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Cc. P. NEIDIG, partner, 
White, Weld & Co., and « 
chemical engineer speci 
slizing in investment bank- 
ing, addressing the 
luncheon gathering on the 
subject “Is Capital Really 
Tight in the Process Indus 
tries?” Mr. Neidig’s answer 
was “No, thanks to more 
accurate technologic-risk evaluation methods 


THE MAN SMOG 
COULDN'T LICK 


Ben M. Holt, general 
co-chairman of the 
Los Angeles Meet- 
ing, shown gre 
ciously declining an 
explanation of how 
he managed to 
keep the atmosphere 
smog-free until 4:59 
of the last conven 
tion day 


PRESIDENT WHITMAN Addressing the lunch 
eon, and being interviewed on radio by Dave 
Showalter in the Hollywood studios of the ABC 
network telling the 
public how the engineers 
end scientists from the nea 
tions of the world got 
along on 4 common-sense 
basis devoid of politics at 
the Geneva Atoms For Peace 


Conference, of which Prof 
Whitman wes Conference 
Secretary General 
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FUTURE MEETINGS and Symposia of the Institute 


MEETINGS SYMPOSIA 


@ NEW ORLEANS, LA. 
May 649, 1956. Roosevelt Hotel. 


Effective industrial 

Financial Aid to Colleges 

A Sunday afternoon panel discussion to try to 

resolve means of implementing our growing 
needs for trained personnel. 


Fundamental Mechanism in Boiling, 

Cavitation and Condensation 

To cover the large middie ground between 

studies of nucleation kinetics and empirical 

studies of over-all boiling and condensation 
heat transfer rates. 


Foreign Chemical Developments & 

thelr Effect on U. $. Chemical Industry 

The effect of foreign competition, both com 

mercial and technologicel, upon the VU. § 
chemical industry. 


Liquid Metals 

The fields in which liquid metals have merit and 

the methods of utilizing them, with particular 
emphasis on sodium. 

Improving Engineering 

Communications 

To advise engineers what is expected of them 

in engineering reports and other professional 

communications, 


@ PITTSBURGH, PA. 
Sept. 9-12, 1956. Wm. Penn Hotel. 


TECHNICAL PROGRAM CHAIRMAN: Cari C. 


Monrad, Carnegie institute of Technology, Pitts 


burgh, Pa. 

Mixing 
CHAIRMAN: J. H. Rushton, Dept. of Chem. Eng., 
Purdue U., Lefeyette, ind. 


Distillation Computation Methods 
CHAIRMAN: Wayne C. Edmister, California Res. 
Corp., Richmond, Calif. 


Scientific Aids to Management 

(Chemical Engineering Operations Research) 

CHAIRMAN: George D. Creelman, M. A. Hanne 

Co., 1300 Leader Bidg., Cleveland 14, Ohio. 

Case studies showing « wide variety of 

methods and techniques in applications of 
operations research in chemical engineering. 


Explosions in Chemical Engineering 
CHAIRMAN: G. H. Damon, 366 Ashland Ave., 
Pittsburgh 28, Pa. 

Symposium on gas end dust explosions. 


Unit Operations in Nuclear Engineering 
CHAIRMAN: George Seg+, General Electric Co., 
2155 So. First St., Sen Jose, Calif. 

How @ basic training in chemical engineering 

fits into the work involved in the field of 

nuclear engineering, discussing results of unit 

operations researches done in conjunction with 
atomic energy projects. 

General Papers 

Deodline—May 11, 1956 


@ ANNUAL—BOSTON, MASS. 
Dec. 9-12, 1956. Hotel Statier. 
TECHNICAL PROGRAM CHAIRMAN: W. C. Rous 


seau, Badger Mig. Co., 230 Bent St., Cam 
bridge 41, Mass. 


Extraction of Hydrocarbons for Chemical Use 

from Pipeline Gases 
CHAIRMAN: E. E. Frye, J. F. Pritchard & Co., 
210 W. 10th, Kansas City 5, Mo. 


Filtration 
CHAIRMAN: F. M. Tiller, U. of Houston, Cullen 
Boulevard, Houston 4, Tex. 


The flow of liquids through compressible medie, 
with experimental and theoretical papers. 


low Temperature Techniques 
CHAIRMAN: Clyde McKinley, Air Products Inc., 
Allentown, Pa. 


The Sales Engineer in Chemical Engineering 
CHAIRMEN: W. E. Hesler, Rodney Hunt Ma- 
chine Co., 420 Lexington Ave., N. Y. C. 17; 
E. D. Kane, Cuno Eng. Corp., S. Vine St., Meri- 
den, Conn. 

Three Panels: “Introducing Mr. Chemical Sales 
Engineer,” “Training the Chemical Sales Engi 
neer,” “Performance Yardstick of the Chemical 
Sales Engineer.” 

Afternoon at the Ichthyologists 
General Session: “Obsolescence” of Chemical 
Engineers. Sunday P.M.: Round table discussion. 


Deadline—August 9, 1956 


@ WHITE SULPHUR SPRINGS, VA. 
March 34, 1957. 


@ PHILADELPHIA, PA. 
March 11 through 15, 1957 (probable) 


Nuclear Engineering Division Congress and 
Atomic Exposition, Philadelphia. “The Fuel 
Cycle.” 


POSEY LARGE QO. 


For Specialized Uses In Chemical Plants 


Posey has the experience as well as the facilities 
for fabricating almost any type of pipe from 


CARBON STEEL 
STAINLESS STEEL 
NICKEL CLAD 
STAINLESS CLAD 
MONEL CLAD 
WROUGHT IRON 


20” diameter and larger. 
meet your most rigid specifications . . . with 
special attention to budget and delivery 
requirements. Write for complete information 
without obligation. 


Fabricated in accordance with ASTM 
Specifications, Class A252-46 


TANKS 
STERS 


You can trust Posey to 


HORIZONTAL TANKS 
CARBON STEEL AND ALLOY STEEL PLATE FABRICATION | 


D>. Fire 


STACKS * PRESSURE VESSELS 


POSEY IRON WORKS, INC 


STEEL TE DIVISION 


NEW YORK OFFICE: GRAYBAR BLDG. 
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UNSCHEDULED SYMPOSIA 
Correspondence om oroposed papers is invited. 
Laboratory and Pilot Plant Techniques 


CHAIRMAN: Thomas S. Leary, Calico Chemical 
Div., American Cyanamid Co., Bound Brook 


N. J. 
Centrifugation 

CHAIRMAN: James O. Maloney, Dept. of Chem 
Eng., U. of Kansas, Lawrence, Kan. 
The theory and quentitative aspects of centri- 
fugation. 

Flvidization of Solids 
CHAIRMAN: E. R. Gilliland, Chem. Eng. Dept.. 
M.1.T., 77 Massachusetts Ave., Cambridge 39, 


Mass. 

Drying 
CHAIRMAN: Raiph E. Peck, Chem. Eng. Dept., 
Iinois Institute, 33rd Federal, Chicago 16, Iii. 


Cost of Unit Operations 
CHAIRMAN: John Happel, Chem. Eng. Dept., 
New York U., University Heights 53, N. Y. 


Size Reduction 
CHAIRMAN: Edgar L. Piret, Chem. Eng. Dept., 
U. of Minnesota, Minneapolis 14, Minn. 


Filtration & Centrifugation 
CHAIRMAN: Horace Hinds, Jr., Corn Products 
Refining Co., Box 345, Argo, Ill. 


Corrosion Resistant Alloy Materials 

of Construction 

CHAIRMAN: G. Fred Our, Carbide and Carbon, 
Charleston, W. Va. 


Dry Classification of Solids 
CHAIRMAN: D. W. Oatley, Metal & Thermit 
Corp., Carteret, N. J. 


LOCAL SECTION MEETINGS 
NEW JERSEY 
May 1, 1956, Seventh annual all-day meeting. 
Military Park Hotel, 16 Park Place, Newark, N. J. 
D. @. Kern, Kern Assoc., “Thermal Process 
Design Without Operating Problems.” 
R. E. Githens, DuPont, “Recent Developments 
in Heat Transfer Equipment.” 
C. A. Ritter, Taylor instr. Co., “Temperature 
Measurements Practice and Problems.” 
J. Y. Oldshue, Mixing Equip. Co., “Heat Trans- 
fer in Mixing Vessels.” 
R. Gunning, Robert Gunning Assoc., “Technical 
Writing and Dictation.” 
Cc. S$. Whiting, McCann-Erickson, “Operational 
Technique of Creative Thinking.” 
Panel Discussion, “Engineering Manpower 
Situation.” 


AUTHOR INFORMATION 
Submitting Papers 


Procedure to be followed is, in brief: 

1—Obtain four copies of “Proposal to present 
@ poper before the A.I.Ch.E.,” plus one copy of 
“Guide to Authors” from Secretory, A.1.Ch.E., 
25 West 45th St., New York 36, N. Y. 

2—Send one copy of completed form to 
Technical Program Chairman for meeting se- 
lected from above list. 

3—Send another copy to Mr. E. R. Smoley, 
The Lummus Co., 385 Madison Ave., New York 
17, N.Y. (Asst. Program Comm. chairman). 

4—Send third copy to Editor, Chemical Engi- 
neering Progress, 25 West 45th St, New York 
36, N. Y. Paper will automatically be considered 
for possible publication in A.I.Ch.E. Journal. 

5—1f desired to present paper in a selected 
symposium, send fourth copy to choirman of the 
symposium. 

6—Prepare five copies of manuscript. Send 
one copy each to Symposium chairman, Tech- 
nical Program chairman, or both copies to former 
if no symposium is involved. Other three copies 
should be sent to Editor, C.E.P. Presentation at 
meeting offers no guarantee of acceptance for 
publication. 
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Bendix =-Friez 


Write today for complete information. 


AEROVANE* 
SYSTEM 


TRANSMITTER 


RECORDER 


INDICATOR 


..-helps solve 
air pollution 
problems 


Chances are, the Bendix-Friez* Aerovane System can be a 
big help to you in offsetting air pollution problems. For 


example, if wind speed and direction are an important 


factor in your problem, here's one way the Aerovane System 
can help. When wind speed reaches a pre-set value and 


wind direction falls within an undesirable sector, the Aerovane 


controller will automatically actuate operating equipment 


such as fans, blowers, heaters, etc. The entire system can be 


used in dozens of plant applications. Or, any one of the 


units can be purchased for use with the transmitter. 


TRANSMITTER — Detects wind speed and direction. Electrically 


sends information to indicator, recorder and controller. 


RECORDER —Inks the wind speed and direction on time 
calibrated chart. Has three speeds for 1'-, 3- or 6-inches 


per hour. Under normal 3-inch-per-hour setting, recorder 


operates continuously for two-week period. 


INDICATOR—Shows wind speed and direction. Illuminated 


dials, white over black markings for maximum legibility. 


Calibrated in degrees of compass and miles per hour. 


CONTROLLER — Actuates circuits, turns on alarm system, 
operates other equipment when wind speed and direction 


reach pre-determined settings. Wind speed and wind direction 
dials mounted on face. Automatic time delay device compensates 
for fluctuating wind direction and speed. Time length is adjustable. 


"Reg. U. 5. Pet. OF, Tirede-mert 


FRIEZ INSTRUMENT DIVISION + BENDIX AVIATION CORPORATION 


1473 TAYLOR AVENUE BALTIMORE 4, MARYLAND 


Export Soles and Service: Bendix International Division, 205 E. 42nd Street, New York 17, NM. ¥., U.S.A. 
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TIME, WORK ond 
“STANDARD IMOUSTRIAL 
PRODUCTS! 


for IM 
DELIVERY. You'll these 
products a real aid in mod- — 
ernizing plant and. 


IMMEDIATE 
DELIVERY 


reducing operating costs. 
All are fo increase 
manpower and 
productivity with added | 
working safety 


745 Belt Conveyor Idlers 
Write for Bulletins 355 
and |1454-A 


"Tellevel” Bin Level Controls 
Write for Bulletin 11-0 


Holdbacks for Conveyors and 
Elevators 
Write for Bulletin 155 


Car Pullers and Spotters 
Write for Catalog 753 


CANDIDATES FOR MEMBER- 
SHIP IN A. I. Ch. E. 


The following is @ list of candidates for the designated grades of 
membership in A.|.Ch.£. recommended for election by the Committee 


on Admissions. 


These names are listed in accordance with Article Ill, 


of the Constitution of A.I.Ch.E. 


Section 8, 


Objections to the election of any of these candidates from Members 
and Associate Members will receive careful consideration if received 


before May 15, 


1956, at the office of the Secretary, A.I.Ch.E., 25 


West 45th Street, New York 36, N. Y. 


Member 


Allegrini, Aldo P., Westfield, N. J. 
Alien, Duane W., Lovisville, Ky. 


Baker, Walter W., So. Charleston, 


W. Va. 

Berkebile, Donald C., 
try, Pa. 

Black, Gordon Smith, 
Pa. 

Borr, William M., Park Forest, til. 

Brockardt, John W., So. Charles- 
ton, W. Va. 

Bryan, Elmer J., Andover, Mass. 

Chaloud, J. Hoyt, Cincinnati, O. 

Cottle, John E., Bartlesville, Okla. 

Dew, Jess E., Pryor, Okla. 

Donaldson, William, Massillon, O. 

Garlington, William D., Columbia, 
Tenn. 

Hann, Paul Douglas, Bartlesville, 
Okla. 

Hipkin, Howard, Alhambra, Collif. 

Holcomb, Roger S., Munster, Ind. 

Kuhn, Martin F., Ashtabula, Ohio 

lagomarsino, Mario A., Monte- 
video, Uruguay 


Jr., Indus- 


Pittsburgh, 


Leaper, W. D., Charleston, W. Va. 
Manning, Earl, Jr., Wood River, Ill. 
McBride, Robert H., Wilmington, 
Del. 
McCauley, Harry J., Wilmington, 
Del. 
Mead, William J., Elkhart, Ind. 
Newport, J. J., Freeport, Tex. 
Norris, Robert E., Cincinnati, Ohio 
Pinkston, John T., Swarthmore, Po. 
Robinson, Chan H., Painesville, O. 
Shanty, Frank, Baltimore, Md. 
Sliepcevich, Cedomir M., Normon, 
Okla. 
Snyder, D. L., So. Cherleston, W. 
Ve. 
Stone, H. Nathan, Worcester, Mass 
Svenson, W. S., Perth Amboy, N. J 
Vanderbilt, Donald, Westfield, N. J. 
Walk, Joe D., New Orleans, Le. 
Wells, Fred L., Jr., Doylestown, O. 
Westwater, J. W., Urbana, Ili. 
Wiedeman, O. F., New Orleans, Lo. 
Wiegandt, Herbert F., ithaca, N. Y. 
Wommoack, S$. Jackson, North 
Haven, Conn. 
Wood, A. J., East Alton, iil. 


PUMPING PROBLEM 


GIVING YOU 
TROUBLE? 


Get quolified help. 


Tell us about it. 

SK Gear Pumps, product of years of 
research and engineering experience, 
are solving problems in almost 

every industrial field — pumping 
mony types of materials like 

Gi alcohol, fuel oils, give, wax, 

= lube oils, resins, cellulose, heated 
oils, road tars. Some applications 
require only a top-quality standard 
pump. Ours ore top-quolity. Other 
applications d d thing sp 

if so, we're ready to cooperate. 


We'd like to get acquainted a 


—let us send you Bulletin 

17-A describing 

our pumps and engineering service. 
Just write us. We'll send it. 


Schutlée and Koertang 


COMPANY 


MANUFACTURING ENGINEERS 


Conveyor Belt 


Portable Box Car Loaders Write for Bulletin 1754 


Write for Bulletin 948 


WRITE TODAY FOR COMPLETE In- 
FORMATION OW THESE PRODUCTS 
For complete information on a 
specific product please write 
for the bulletin listed under 
that product. For basic infor- 
mation on the complete line of 
SA Standard Industrial Prod- 
Hand and Motorized Winches ucts request Bulletin 653A. 
Write for Bulletin 653 


STANDARD FP on TS DIVISION 


mra.co 


2245 STATE ROAD, CORMWELLS HEIGHTS, BUCKS COUNTY, PA 


fet Apparatus | Retometers & Flew | Valves Ach for | Heat Tramster | Gear Pumps 
Ash lor Condensed | indicators Ask 
Bulletin for Condensed | ta 


Bullets 108A Buliete 


57 Ridgewey Ave. Avrora, Ulinels 
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Associate Member 


Adomites, William j., Langeloth, Po 
Ammann, Charlies M., Dravosburg, Pa. 
Anderson, Philip D., Berkeley, Calif. 
Babcock, Daniel L., Albuquerque, N. M. 
Bocker, William J., Concerd, Colif. 
Balhoff, John T., Boton Rouge, Lo. 
Beckmann, Fred O., Clifton, N. J. 
Blackstock, William R., Pittsburgh, Pa. 
Borsvold, Herbert H., Shelton, Conn. 
Bradley, H. Verlon, Magnolia, Ark. 
Brown, Needham A., Sheffield, Alo. 
Clements, O. 8., El Paso, Tex. 
Crampton, lee B., Midland, Mich. 
Cravens, Paul E., Sergeant Bluff, lowe 
Crossman, James K., Joplin, Mo. 
Dorn, Herman W., Decotur, fil. 
Ferguson, Robert T., Birmingham, Alo 
Field, Edwin L., Aiken, S. C. 

Flowers, J. R., El Dorado, Ark. 
Gaiennie, E. S., Jr., New Orleans, Lo. 


Howard A., Houston, Tex LABORATORY SAMPLE FROM 


Harrison, Roland Henry, Baton Rouge, Lo. 


Herrman, Arthur J., Wilmington, Del. e 

Hutto, F. B., Jr., Manville, N. J. 

Jacobs, Gerald E., Brooklyn, N. Y. 

Jogannathan, R., Sindri, Bihar, Indie ad 
Jones, Robert K., Cincinnati, Ohio 


Kikin, Gerald M., East Hartford, Conn. 
Kukocka, Lawrence E., Jr., Upton, N. Y. 
Long, Peter M. Emeryville, Coli RESEARCH LABORATORIES — 


Lembersky, Herman K., Pittsburgh, Po 


loose, Fronk V., Pittsburgh, Po. DESIGNED om ENGINEERED and 
Constructed to answer your needs 


Marsh, Henry N., Jr., Philadelphia, Pa 
Melntosh, Wayne T., Baltimore, Md. and the competition of tomorrow 
McMinn, Curtis J., Sheffield, Alo. 
Millar, James 6., Rolla, Mo. 
Miller, Garland M., Boton Rouge, Le Research or Control laboratories are intricate feats of design. 
Nelson, E. Raymond, Alhambra, Calif. 
Memeth, John, Weshegen, Mf. Everything must be planned, designed and equipped to 
Oktey, C. M., Phillips, Tex. produce utmost efficiency and successful results. 
Padgett, W. H., Baton Rouge, Lo. 
Paris, Bernard E., Brooklyn, N. Y. 
Pell, Anthony W., Cherleston, W. Ve. | Wigton — Abbott Corporation has had long experience in 
Perkins, John 8., Niles, Mich. creating and developing Research Laboratories in all fields 
Pfeffer, David H., New York, N. Y. 4 
Rhoden, M., Painesville, Ohio of industry. A long list of satisfied clients will certify our 

proficiency in Engineerin and Construction. 
Rosenbaum, Mervin, Baytown, Tex. 8 & 
Ross, William A., Helena, Ark. 
A; Cin Wigton — Abbott welcomes your inquiry and the opportun- 
Selleck, Frederic T., Whittier, Calif. ity to place our experienced organization of specialists at 
Shurley, Lucion A., New York, N. Y. A 
Sikes, F. G., West Monroe, Lo. your service. 
Slater, William Whittier, Collif. 
Slovenko, S. Roy, New Orleans, Le. 
Struve, Donald L., Elizobeth, N. J. 
Theisen, Henry N., Rothschild, Wis. 


Van Lohvizen, W. H., Houston, Tex. , . -Abbott (or poration 


Vaughn, Robert D., Ockland, Calif. on 
Walzer, Alexander, Brooklyn, N. Y. SURVEYS, REPORTS Wiot ENGINEERS & 


Were, Chorles H., Jr., Drexel Hill, Po. AND PROCESS DESICN, — CONSTRUCTO 
INDUSTRIAL DESIGN 
AND CONSTRUCTION, 
Mein Olfie 
Affiliate SQUIPMENT INCTALLATION 


Product Development Laboratory 
Cities Service Research & Development Co. 
Cranbury, New Jersey 


Boker, Dexter F., Emmous, Pa. 
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Controlled Rate 
Plastics Reactor 


Converts 
Resin 
Monomers 
into 
Polymers 
in Multiple 
Chamber 
Unit 


The monomer resin is poured into the frames between 
hollow metal platens, through which heating or cooling 
medium is circulated. Because each platen has large 
surface area, the resin quickly responds to the medium, 
rapid temperature changes are prevented and poly- 
merization proceeds safely. When the polymer solidi- 
fies, the reactor is opened and the finished slabs are 
easily removed. 

The reactor is made with any required number of 
chambers for any size slabs from 12” to 56” square, 
and 1” to 5” thick. Full details on request. 


Produces Any 
Size Slabs 
T. SHRIVER & COMPANY, Inc. 


Filter Presses + Filter Media « _Diaphragm Pumps 


Soles Representatives in 
Decotur, Go ~Hovston, Tex.~St. Louis, Mo. 
Sen Froncisco-Montreal-Toronto 


812 Hamilton $t., Harrison, N. J. 


How to select filter paper 
for commercial filtration ! 


This recently published brochure 
enumerates dozens of commercial pro- 
ducts and processes and tells you the 
specific grades of E&D filter paper that 
are most widely used. In most cases, 
there is a choice of 2 or more grades. 
This valuable information is free for 
the asking. Write us for your copy. 
If your product or process is not in- 
cluded, we will be happy to recom- 
mend the best grade for you to try. 
Free samples for test runs will be made 
available to you. 

You can rely on the experience of the 
only company in America exclusively 
engaged in the manufacture of filter 
papers for science and industry. 


THE EATON-DIKEMAN CO. 


FILTERTOWN 
MT. HOLLY SPRINGS, PENNA. 
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At a testimonial dinner to Edward R. 
Weidlein, given by the members of the 
Mellon Institute on 
March 19th, formal 
announcement was 
made of his retire- 
ment as president 
of the Institute. 
His retirement im- 
mediately precedes 
his departure on a 


Federal Govern- 
ment mission 
abroad. Following 


his return to Pittsburgh, he will con- 
tinue to serve Mellon Institute as a 
Member of the Board of Trustees. At 
the testimonal dinner given for Dr. 
Weidlein, Matthew B. Ridgway spoke 
of the great work done by him and the 
forty years of energetic leadership he 
has given the scientific research of the 
Institute. 


P. M. Heertjes, professor of chem- 
ical technology at the Delft Technische 
Hoogeschool, Netherlands, is on the 
staff at Purdue as a visiting professor 
He is lecturing in the unit operations 
and also on dyestuffs and dyeing. 


Robert P. Ogden becomes plant man- 
ager of the Sharples Chemical divi- 
sion’s Riverview works, one of Penn- 
salt’s two major production units located 
in Michigan. 


Otto M. Smith, emeritus professor of 
chemistry and chemical engineering, and 
director of the Research Foundation at 
the Oklahoma Agricultural and Mechan- 
ical College, received the Scientific Ap- 
paratus Makers Award in Chemical 
Education at Dallas, Texas. Dr. Smith 
had a major role in the development 
of summer workshops to foster high 
standards of chemistry teaching 


The Whittier, California laboratories 
of Fluor Corp. announce the following 
research additions to their staff: Robert 
C. Oliver, senior research engineer; 
Donat B. Brice, research chemical en- 
gineer; and Loren Miller, research 
chemical engineer. The men were for- 
merly with Union Oil of Wilmington, 
Cal.; Food Machinery & Chemical, San 
Jose, Cal.; and the Jackson laboratory 
of E. I, duPont, respectively. 


Charles A. Heiberger appointed 
manager of the plastics and polymers 
department of Food Machinery & Chem- 
ical’s _still-under-construction Central 
Research Laboratory. Heiberger has 
been research director for 10 years with 
the Ohio-Apex Division of FMC. 
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General Anthony C. McAuliffe will ! 
join American Cyanamid May 1. His 

retirement from the Army was an- 

nounced in March. At American Cyana- | 
mid General McAuliffe is to head the 

newly-created engineering and construc- 

tion division, which will have coordinate 
status with that of the operating and 

research divisions of the firm; and, in 
that capacity, he will be president of 
its engineering subsidiary, Chemical 
Construction Corp. 


W. E. Askey promoted to senior 
chemical engineer in technical service 
division of Humble Oil & Refining’s 
Baytown, Texas, refinery. 


Raymond M. Albert, of Chem- 
strand, appointed polymer area super- 
visor of the Acrilan plant manufactur- 
ing department in Decatur, Alabama. 
He replaces Robert J. Larson, who | 
becomes area supervisor, special assign- | 
ment. In this capacity, Larson repre- | 
sents the Acrilan plant in liaison activi 
ties for transferring certain develop- 
ment projects to plant scale. The Acri- | 
lan technical department adds George | 
D. Kellen and Willard P. Rhodes to 
its staff. Mr. Kellen is a chemical engi- 
neer in the quality control section and 
Mr. Rhodes a chemical engineer in the 
process assistance section 


B. K. Pospishil is appointed admin- 
istrative assistant to the vice president 
and director of research and develop- 
ment for Koppers Co., at Pittsburgh. He | 

| 


was formerly assistant manager of the | 


development section, research depart- 
ment. 
Fred C. Hands, formerly manager 


of B. F. Goodrich’s Plant 3 in Akron, 
Ohio, named manager of the Institute, 
West Virginia synthetic rubber plant 
Charles Boland Cooper succeeds 
Hands as manager of Plant 3 in Akron 
and Robert N. Rylands assumes the 
duties of production manager, the posi- 
tion vacated by Mr. Cooper 


S. C. Ogburn, Jr., vice president— 
research and development, Foote Min- 
eral Co., has announced his retirement 
as an officer of the company, but will 
continue to serve as a management con- 
sultant. 


American Potash & Chemical, at Los 
Angeles, assigns Hal B. H. Cooper to 
its newly-created position of director of 
development engineering. Formerly, he 
was assistant director in charge of de- 
velopment for Getwate-Palmolive. 


Albert H. Cooper joins American 
Hard Rubber, N. Y., as assistant to 
the director of research and develop- 
ment. | 
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ASK THE 
AEROFIN. 
About Practical 
Heat Exchange 


There is a competent Acrofin 


heat-transfer engineer near you 


qualified by intensive train- 
ing and long experience to find 
the right answer to your own 
particular heat-exchange prob- 
lem -and backed by the research 
and production facilities of the 
pioneers in light-weight ex- 
tended surface. 


Ask the Acrofin Man. 


Vhroughout the 
Chemical Vudustry ~ 
oe Aerofin units do the job 
Better, Faster, Cheaper 


Acrofin is sold only by manufacturers of 
fan-system apparatus. List om request. 
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Eger V. Murphree, president of 
Esso Research and Engineering 
Co., is appointed to vital position 
of guided missile development 
czar by Sec. Wilson. 


When Defense Secretary Wilson de- 
cided a man was needed as Special 
Assistant to the Secretary of Defense 
for Guided Missiles, he looked for a 
man who was highly versed in engi- 
neering and technology, had proven him- 
self as an administrator, knew how to 


\ Sure Cure for the 7 


The growing use of platinum catalysts in reforming feed stock 
emphasizes the importance of pre-removing trace metals such as 
arsenic, lead and sulphur compounds. Platinum catalysts are 
poisoned by these substances in quantities even as small as ten 
parts per billion. 

Treating the feed stock before the trouble occurs, Florex ad- 
sorbent provides the simplest, most economical means to protect 
expensive catalysts. Florex in the granular grades will completely 
remove or reduce these compounds to a harmless level. 

Recognized throughout the world as superior to all other natural 
clays, Florex is prepared from carefully selected Florida Fuller's 
Earth by a special processing, including high pressure extrusion. 

Meshes from 8/16 and up are customarily used. Write for in- 
formation today. 


Dept. Z Box 989 Tallahassee, Fia. 
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engineering at the U. of California for 
the Spring semester. 


work with people, and “had experience 
working in a large organization so that 
he wouldn't get frustrated in this place.” 

The choice: Eger V. Murphree, until 
recently (since 1953) a director of 
A.LCh.E., 1950 Perkin Medalist, mem- 
ber of the general advisory committee 
of the AEC, chairman of the permanent 
council of the Fifth World Petroleum 
Congress, president of Esso Research 
and Engineering—in short, a leading 
chemical engineer. 

Murphree’s attributes and experience 
fit Wilson’s four qualifications perfectly. 
Holder of a B.S. and M.S. from U. of 
Kentucky, honorary D.Sc. and D. Eng. 
from Kentucky and Brooklyn Polytech 
respectively, he has been on the faculty 
of MIT, served as director of Chemical 
Engineering Division at Solvay, where 
he was responsible for the design and 
initial operation of many new and im- 
proved plant operations, and since 1930 
has been with Standard Oil (N.J.) 
working on nearly every phase of the de- 
velopment of chemical processes to util- 
ize petroleum raw materials. He has 
published widely in the technical jour- 
nals and holds no less than 32 patents 
in the field. 

Since 1926 he has been in a position 
of authority in the chemical industry, 
has proven his administrative ability 
particularly in the guiding of develop- 
ment programs. Known as “Murph” to 
his friends, he is a quiet man who rarely 
raises his voice but gets results. 

In his new job, Murphree will have 
broad powers and responsibilities which 
will include the “direction and coordi- 
nation of research, development, engi- 
neering and production of guided mis- 
siles activities.” 

Murphree, who lives in Summit, N. J., 
will serve without pay. He has a big 
job on his hands. 


Noel F. Boyd, former assistant chief 
process engineer of the chemical plants 
division of Blaw-Knox, will direct the 
process department as chief process en- 
gineer. 


Arthur N. Parrett, vice president of 
research and development for Rayonier, 
Inc., moves to the firm’s executive of- 
fices in N. Y. 


Foster Dee Snell, president of Foster 
D. Snell, Inc., is appointed the repre- 
sentative of the U. S. on the Water, 
Sewage, and Sanitary Wastes Div. of 
the Applied Chemistry Sect. of the 
International Union of Pure and Ap- 
plied Chemistry. 


Charles F. Oldershaw of Dow Chem- 


ical is appointed lecturer in chemical 
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Pumping Progress Report 


FOR CHEMICAL ENGINEERS 


An advertisement prepared by the Aldrich Pump Co., 
Member of Hydraulic institute, U.S.A 


UREA PRODUCTION, like many other chem— 
ical processes, presents difficult 
pumping problems. Urea slurry is 
both corrosive and erosive. 

Either condition can cause serious 
operational headaches; together 
they spell trouble for both design 
and maintenance engineers. 


PUMPING UREA SLURRY was the problem 
given to Aldrich by a foremost 
urea producer. Our solution was 
effective. We recommended . 


A 6" STROKE DIRECT FLOW TRIPLEX with 
several modifications — porceiain 
plungers instead of hardened 
alloy steel — a Hastelloy B 
Fluid End. Direct Flow construc- 
tion insured minimum cost re- 
placements in the event of 
unavoidable corrosion damage. 


ALDRICH DIRECT FLOW DESIGN offers many 
advantages to pump users. Two 
right angle turns are eliminated 
— the liquid being pumped 
travels directly, on a horizontal 
plane, from the suction to the 
discharge manifold. Reduced 
space between valves results in 
higher volumetric efficiency. 


SECTIONALIZED FLUID-ENDS also afford 
greater economies of maintenance. 
Valves can be removed without 
special equipment. Individual 
sections of the fluid-end can be 
replaced at a fraction of the cost 
of conventional type fluid-ends. 


DATA SHEET 67A describes the Aldrich 6" 
Stroke Direct Flow Pump Series, 
ranging in power from 300 to 900 
hp. Aldrich Engineers are avail- 
able to help solve your tough 
pumping problems. Write: The 
Aldrich Pump Company, 20 Gordon 
Street, Allentown, Pa. 
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are preventable ! 


U.S. MOTOR 


WINDINGS 
Asbestos-insuvlated 
fo resist burnouts 


Eliminate causes and avoid failure 


Surveys reveal the fact that many motor burnouts occur 
from avoidable causes such as overload, clogged passages 
or confined spaces, improper circuit protection and 
bearing failure. These conditions, if not corrected, result 
in overheating of windings. Ordinary insulations are 
organic and carbonize when excessively heated, resulting in 
motor burnout. As a means of increasing motor life the 
windings in U.S. Motors are insulated with asbestos, which 
resists burnouts because it will not carbonize 

Asbestos is used in sheet form to separate windings and 

in a compounded form, vibro-applied, as a filler to 
completely isolate each wire. Coil ends are protected with 
a built up armor of several coatings of an asbestic 
compound. In Bulletins portraying the features of U.S. 
Uniclosed, Varidrive, Syncrogear and Totally-Enclosed 
motors, the application of asbestos is presented, 

proving its life-lengthening characteristics. 


U. S.Moror: MOTORS 


U. &. ELECTRICAL MOTORS Inc. 
P.O. Box 2058, Los Angeles 54, Calif, or Milford, Conn 
Send Booklet(s) showing odvantoges of asbestos protection in 
Uniclosed Motors Veridrives 
(_) Totally Enclosed Motors (_) Syncregear Motors 
NAME 
COMPANY 
ADORESS 
city 


Advertisement 
vot 
Burnouts 
| 
| 
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SYSTEMS SPEED LIQUIDS 


Robert U. Haslanger is elected vice 
president and general manager of Es- 
cambia Bay Chemical Corp. He has 
METERS & 7 recently been assistant to the president 

FILTERS. : | and director of sales, industrial chem- 


‘ol inven- icals, at Stauffer Chemical. For a num- 
tory and quality from ber of years he was with Monsanto 
storage or tank car Chemical where he held various posts in 
through plant with research, product development, and sales. 
Emile C. Freeland, N. Y. consult- 
Sde hon wae? liq ing engineer, will work with a team 
vids nenwe of Ford Bacon & Davis, Inc., N. Y., 
in assisting the planning board of the 
PROPORTIONERS FILLERS & of te the develop- 
BL DERS PACKAGERS ment of an industrial program for that 
automatically country. 
control delivery and Bradley Dewey, Jr., right, was re- 
packaging of plant, cently made president of the Cryovac 
ore or end-prod- Co. division of W. 
uct liquids faster at R. Grace & Co., 
lowest cost with N. Y. A member 
Bowser systems, of the firm since 
A 1940 after gradua- 
. all equipment available on lease tion from M.1T 
or purchase payment program. Mr. Dewey 
been vice-president 
REGIONAL OFFICES: ATLANTA BOSTON of the 


CHICAGO + CLEVELAND + KANSAS 
LOS ANGELES NEW since 1951. W. R. 


Grace & Co. also 
BOWSER, INC., 1393 E. Creighton, Fort Wayne, Ind. ounces the elec- 
tion of T. T. Miller as president of 
the newly-created polymer chemicals 


Vast Majority of Skin Irritants division. 


Carl McFarlin, Sr., elected president 
of Devoe & Raynolds to succeed 


Encountered in Industry Ren- E. William Endter who is re-entering 


the petroleum industry. McFarlin is 
dered Harml Ss b *“Kerodex” also exec. vice president of Devoe’s 
y parent company, Merritt-Chapman & 


Scott. 


Highly damaging substances such as epoxy Wilbur E. Kelley elected president 
of Walter Kidde Nuclear Laboratories, 


paints, varnishes, and thinners are no longer formerly manager of the New York 


Operations Office of AEC. 
a source of irritation when “Kerodex” pre- 
Frank B. Jewett, Jr., elected a vice 


. ‘ ” 
vents contact with the skin. ‘“‘Kerodex president of Vitro Corp. Graduate of 


spreads on like a cream but acts like a glove Cal Tech and Harvard, Jewett comes 
to Vitro from 8 years as managing 


that is invisible yet strong and as elastic as of ont 
the skin itself. Does not smear. Does not development with the mechanical divi- 


affect materials handled and is not affected sion of General Bile 
Nilon H. Prater is now a chemical 


by them. engineer in the process design section 
of Chemstrand’s General Engineering 


“Kerodex” is available in two types — for Depertment. 

“wet” and “dry” work. For full informa- 
tion on “Kerodex”® and a detailed list of of the board of Rheem Manufacturing. 
irritants write to Ayerst Laboratories, Rey M. Bweld is named technical 
22 East 40th Street, New York 16, N. Y. services superintendent for “| 


Chemical’s plant in Martinsville, 
5554 Virginia. 
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Stuck for stack facts? Then turn to 
Chemical Engineering Catalog for the 
answers in the information supplied 
by 31 companies -. . any diameter or 
height... guyed... fume... 
weather-proof .. . molded of glass or 
fibre ...even wood stacks. No matter 
what your stack problem may be, con- 
sult your copy of 


It's a fact. As the process industries’ 


exclusive reference source, CEC pro- 
vides you with the facts about pgpcess 
equipment, materials of construction 
and engineering services furnished 
by America’s leading manufacturers. 
Regardless of what your processing 
problem may be ...in heat exchang- 
ers, conveyors, valves, screens, pul- 
verizers, retorts, fractionating col- 
umns ...it pays to look in CEC for 
the facts. Completely indexed six 
ways, it is up-to-date, easy to use, 
bound to serve you best. 


Publishing Corporation 
430 Park Avenue 


ae New Y 


MEASURING THE PERFORMANCE 
OF ENGINEERS AND SCIENTISTS 
(Continued from page 83) 
supervisor but are very carefully 
checked in detail by his immediate su- 
pervisor, and necessary 
criticism and action are taken. This 
detailed checking continues until the 
newly appointed supervisor has gained 
the necessary experience and demon 
strated his ability to produce reliable 
appraisals. Since appraisals are made 
no more frequently than quarterly, such 
training can extend over a period of 

several years. 

Actually, with the Du Pont method of 
having several checks by line organiza 
tion of all appraisals, the training can 
be considered continuous 
of course, gets less detailed as it pro- 
gresses through higher levels of super 


vision, but nevertheless it is of value in 


the accumulation of experience and in 
the refinement of judgment of super 
vision at many levels. 


Conclusion 

In conclusion, it is my sincere belief 
that the appraisal of technical personnel 
can be improved by using some system 
and I consequently urge those who have 
the job of administering or supervising 
the work of scientific personnel to adopt 
some kind of personnel appraisal plan 
If you do not use a plan, you are doing 
the rating intuitively, and this has been 
found by experience to lead to unfair 
treatment. 

I also stress that any system must be 
tailored to the needs of the organization 
and its specific purpose. Consequently, 
study the available plans and extract the 
desirable features of each but adopt a 


plan. 


1. “Merit Rating: its Validity and Tech- 
niques,” Joseph Tiffin, Division of Applied 
Psychology, Purdue University, in Amer. 
icon Management Association Personnel 
Series No. 700. 

2. “Recent Developments in Merit Rating,” 
Joseph Tiffin, Profesor of Industrial Psy- 
chology, Purdue University, in American 
Management Association Personne! Series 
No, 144. 

3. “forced-Choice Performance Reports; A 
Modern Merit-Rating Method,” M. W. 
Richardson, Personnel, 26, poges 205- 
212, (November, 1949). 

4. “forced Choice: The New Army Rating.” 
E. D. Sisson, Personnel Psychology, 1, 
poges 365-381 (1948). 

5. “A Methodological Study of Forced-Choice 
Performance Rating,” R. W. Highlend ond 
J. R. Berkshire, Research Bulletin 51-9, 
Lackland Air Force Base, (1951). 

6. “Job Requirements in Current Trends,” J. C. 
Flanagan, in Industrial Psychology, edited 
by Wayne Dennis, University of Pittsburgh 
Press, (1949). 
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WENDNAGEL 


PROCESSING & STORAGE 
“EQUIPMENT OF WOOD 


g Designed to do the tough jobs “s 
in Chemical Processing 
and Storage 


Corrosion resistant. 

© Constructed for long life and low main- 
tenance 

© Engineered and built te your require 


ments 


An example of Wendnagel engineering and 
construction for special applications—Multi- 
Stage Ges Scrubber for elimination of acid 
vepors and gaeses—furnished to require 
ments 


Single Stege Gas Scrubber 


built to require 
ments. Regardiess of the size of « Wood 
Tank required for your processing—Wend 
nage! can design and build it for you 
Let Wendnage!l Engi d 
best type of construction for your particular 
application. Send details for our solution or 
write for chemical equipment bulletin. 


620 W. Cermak Road, Chicage 16, til. 


TAC) 
\ 
\ 
/ 
+4 
4 
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| | Wendnagel & Co., Inc.| | 
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STUDENTS HEAR OPPORTUNITIES, PROBLEMS 
AT ANNUAL PITTSBURGH MEETING 


The Annual Students’ Activities 
meeting of the Pittsburgh Sec- 
tion awards prizes, hears F. J. 
Curtis on “Beginnings,” has lively 
panel discussion. 


“The chemical engineer at this time 
seems to be lucky. Actually, he has 
only exchanged one set of problems for 
another. (But) this generation will do 
as well as any of the others—it will be 
different, that’s all.” 

With these words, F. J. Curtis, vice 
president of Monsanto, summed up his 
remarks to the members of the Pitts- 
burgh Section (M. M. Ramer) and 
their guest students from U, of Pitt., 
Carnegie Tech, Grove City College, 
and the U. of W. Va. 

Today is definitely a seller’s market 
for graduating chemical engineering 
students. One of the big problems of 


their predecessors, getting a job, does 
not exist now, but the very wealth of 
jobs is its own hazard—it puts the 
young engineer on his mettle in the 
correct choice for his future. 


The situation of a plethora of jobs 
and a dearth of engineers has come 
about not only from the expansion of 
industry, but from a drop in the num- 
ber of engineering graduates. This 
means that young men are not going 
into the field. To overcome this we 
must pay teachers better, since teachers 
are the people who have a great deal 
to do with inspiring a young man to- 

ard his future work. We must also 
show the young man he is not limited 
to a second level job because he is an 
engineer, and we must see to it that 
the engineer who wishes to remain an 
engineer is not penalized for this by 
getting less money than his manage- 
ment co-workers or he will simply leave 
engineering for management as s0 
many have done. In the past, industry 
benefited greatly from engineers in non- 
engineering capacities, but today we 
can ill-afford to lose an engineer from 
engineering and we must make his re- 
ward commensurate with non-engineers. 

Nevertheless, the engineer must still 
be a dedicated man, there is little room 
for the man out for the “fast buck.” 


Trubore tubing assures accuracy 
and interchangeability 
within each pressure range. 

Now supplied with hammer-tone grey 
metal stand for greater stability. 
New metal locking device has 
positive holding action—eliminates 


need for glass hooks and springs. 
Gauge will hold at any position 


to which it is rotated. 


Pressure Range Lowest Reading 


mm. Hg. 
0-1.0 
0-5.0 
0-10.0 
0-15.0 


mm. Hg. 
0.001 
0.005 
0.010 
0.050 


L Write Dep't MG —G for details and prices 


VINELAND @ NEW 
Res 
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4. ©)” ACE GLASS INCORPORATED 
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News of the Field 
FROM LOCAL SECTIONS 


Prior to Curtis’ talk, student awards 
were presented for excellence in chem- 
ical engineering unit operations labo- 
ratory work to a student in each 
college. Winners were: H. K. Coble, 
Carnegie Tech; F. Helsel, Grove; G. 
Geminder, Pitt.; and J. Dietz, W. Va. 

After Curtis’ talk he joined a select 
panel discussing the whole problem of 
the graduating engineer and industry 
today. On the panel were: P. W. Bach- 
man, Koppers, and F. C. Frary, formerly 
Alcoa, representing research; Arne 
Olsen, Blaw-Knox, and B. J. C. van der 
Hoeven, Koppers, representing design ; 
E. P. Partridge, Hall Labs., H. Avery, 
Pittsburgh Coke & Chemical, repre- 
senting sales; and Fred Denig, Koppers, 
and P. R. Croll, Pittsburgh Plate Glass, 
representing production. 


CHEMICAL ENGINEERING 
CONFERENCE HELD IN 
KANSAS CITY 


A day-long meeting, under the 
auspices of the Kansas City Sec- 
tion, the Mid-Winter Meeting dis- 
cussed market economics, auto- 
mation, gas-turbines, and other 
vital subjects. 


The five state area of Nebraska, Mis- 
souri, Kansas, lowa and Oklahoma has 
had no important increase or decrease 
in population for a number of years, but 
farm population has steadily decreased, 
putting the burden of continued pros- 
perity on the shoulders of industry. 
This was a major point of C. R. Hath- 
away, Midwest Research Institute, in 
his paper on the “Market and Produc- 
tion Potentials for the Kansas City 
Area.” He emphasized that for pros- 
perity to continue in the area, manufac- 
turers must produce specialties which 
have high value in comparison to their 
weight so that the area can compete 
with Eastern Industry. 

While automation is certainly here 
to stay, F. M. Stephens, Midwest Re- 
search Institute, indicated that it has 
not, and will not in future, come with- 
out headaches. One major point to be 
considered is that the designs of many 
products will need to be changed to 
adapt them to production by automatic 
equipment. 


(Continued on page 98) 
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Next time you replace spray nozzles 
... be sure they're from Spraying 
Systems. See for yourself how prop- 
erly engineered, precision machined 
spray nozzles can improve perform- 
ance. With Spraying Systems you 
gain all the advantages of advanced 
research and production . . . from 
America’s leading designer and pro- 
ducer of spray nozzles. 


you improve 
when you replace with 


from SPRAYING SYSTEMS 


Free Catalog ¥ 
Complete information 
.. . forty-eight fact 
loaded pages. Write for 
'O- — 


a low-cost, low-volume pump 
for corrosive liquids! 


The ECO All-Chem rotary pump offers: 

+ Capacities 1—10 gpm; Pressures to 150 psi 

* Stainless steel housings (Type 316, Type 20 or 
Hastelloy C) 

* Teflon, Neoprene or Formica impellers 

+ Positive displacement, high suction lift, self priming 

Linear non-surging, non-foaming flow 

Available from stock, suitable for direct motor, V- 

belt or vari-speed pulley drive, the Eco All-Chem 

handles organic, inorganic, hazardous and radioac- 

tive fluids with complete dependability. 


Bulletin AC56 on request. 


Catalog 24. 


ENGINEERING COMPANY 
12 NEW YORK AVENUE « NEWARK |, NEW JERSEY 


SPRAYING SYSTEMS CO. 
3284 Randolph Stree! * Bellwood. Illinois 


Manufacturers of Processing Machinery Since 1685 
They must be good: 

Six SUPER MASTER GRINDERS on the 
STANDARD SK Type "BD" Heat Exchanger, | job, milling product of particle fineness 
two-pass design for service in petroleum, | for ADHESIVES to the tune of over- 
100,000 pounds daily! 


tries. Also made in single-pass design. 


Send in 

a small 
quantity 
of your 
material 
for Free 
Test Run 
and Report 
by the 
Gruendler 
Laboratory 


SPECIAL SK Radiafin Air Cooler, one of 
two large coolers designed and manu- 
factured for a special project. SK wel- 
comes inquiries for special units— will- 
ingly offers experienced assistance. 


Get Full Details. Write for Bulletia HT-1. 


Schule and Koerling 


DATA AVAILABLE for any particle sizing, 
which would include SHREDDING, PUL- 4 
VERIZING, BREAKING, MIXING and 
COMPANY 


BLENDING. 
MANUFACTURING ENGINEERS 


fet Apparates | Rotameters flew | Valves Ash Heat Trasster | Gear Pumps 


2915 North Market St. Dept. CEP4 St. Louis 6, Mo. 


» 
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Basic papers on chemical engineering theory applied to 
the nuclear field will appear in the June issue of the 


JUNE, 1956 


Published quarterly by the American Institute of Chemi- 
cal Engineers, the A.I.Ch.E. Journal contains the reports 
of current research and theoretical developments in 
chemical engineering and allied branches of engineer- 


ing and science. 


Subscription: Members, $4.50 annually, $7.50 for two 
years; Nonmembers, $9.00 annually. Single copies, $3. 


A.L.Ch.E. JOURNAL 
25 West 45 Street 
New York 36, New York 


Enclosed is my check... money order for $ for «a 

—— one-year, twe-year 
subscription to the A.I.Ch.E. Journal. 
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Turbines too are probably here to 
stay, but competition with gasoline and 
diesel reciprocating engines is going to 
be keen. Lamont Eltinge, Standard Oil 
(Indiana) described for the engineers 
the most likely turbine design which 


| will compete. 


“Some Engineering and Economic 
Aspects of Atomic Power” were dis- 
cussed by L. H. Landrum and S. A. 
Zagnoli of Spencer Chemical, and in 
the more technical vein, F. Kurata, U. 
of Kansas, presented a paper on “Low 
Temperature—High Pressure Tech- 
niques”; S. M. Wallace, U. of Kansas, 
presented his on “Representation of 
Binary Vapor-Liquid Equilibria by 
Zygographs” ; and N.G. Miller, Phillips 
Petroleum, discussed “Entrainment 
Variables in a Commercial Vacuum 
Distillation Tower.” 


ATOMS, INTERNATIONAL 
SITUATION, PROFESSIONAL 
MANPOWER, HEAD LOCAL 
SECTION MEETINGS 


Still high on the list of favorite 
subjects for local section meet- 
ings are atomic energy, automa- 
tion, professional development, 
international news, and tech- 
nology. 

The shift to atomic power generation 
will not be soon. This was the crux of 
R. T. Overman’s Oak Ridge Institute 
of Nuclear Studies talk to the February 
combined meeting of the South Texas 
Section (G. B. Gibbs) and South- 
eastern Texas ACS section. With the 
largest reactors, power costs would be 
13-17 mills per kilowatt. Atomic power 
will make its first inroads into coun- 
tries without conventional power gen- 
eration materials and facilities, where 
it could be considered cheap power. At 
the same time, the possible industrial 
applications of atomic energy are un- 
limited. Research reactors are not ex- 
pensive in comparison with other 
research tools—a workable one should 
cost about $400,000. 

For those countries where fuel is 
now high-cost or non-existent, the 
small power reactor is probably the 
answer, according to Mark Lyons, 
General Electric, speaking at the 
December meeting of the Louisville 
Section (F. G. Smith, Jr.). Other 
major uses for the small reactors, with 
capacities up to 30 megawatts, are: 
military bases in out-of-the-way places ; 
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remote industrial sites near raw ma- 
terials but no power; and sparsely set- 
tled rural districts lacking power dis- 
tribution facilities. The small power 
reactor will be a packaged deal, ready 
to use with a minimum of installation. 
The dual-cycle boiling reactor is now 
favored due to its greater thermal 
efficiency, its exceptionally high degree 
of inherent safety, a self stabilizing 
power level to match load variations 
from 25% to full output, and sufficient 
control to override reactor “poisons.” 
Slightly enriched uranium oxide rods 
will serve as fuel, control is by hydrau- 
lically actuated pistons moving vertical 
rods 

The importance of the question of 
power reactors cannot be overestimated 
since, according to H. S. Isbin, U. of 
Minn., speaking to the February meet- 
ing of the Twin Cities Section (£. J. 
Murray), the relative success 


Twin Cities (L. to r.): G. W. Preckshot, chmn., 
H. S. Isbin, specker, A. L. Frye, vice chmn. 


nuclear power projects now under way 
will determine the rate of growth of 
nuclear energy. Isbin also emphasized 
that the chemical engineer has the key 
role in nuclear energy development if 
he wishes to apply himself to it. In 
another area of the atomic field, Isbin 
pointed out that the use of radioactive 
isotopes has already saved industry 
several millions of dollars, will probably 
save several billions annually in the near 


future. 


Technical Writing 

Eighty per cent of our impressions 
come through our eyes, thus it is at 
least four times as valuable for the en- 
gineer to have his material published 
rather than just listened to. With this 
strong statement, R. L. Dudley, pub- 
lisher of Petroleum Refiner, went on to 
list the specific reasons why an engineer 
should publish to the January meeting 
of the South Texas Section (GC. B. 
Gibbs). Five reasons are: it makes him 
more widely known; it adds to prestige; 
it adds to the technical prestige of his 
company ; it adds to the general knowl- 
edge from which he has often drawn 
and should contribute to; and it stimu- 
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ALL the COMPRESSED GASES 


including specie! gos mixtures for instrument colibrotion, 
nucleor flow counters, circraft instrument filling, furnece 


etmospheres, fumigation and sterilizotion 


CONTAINING THESE COMPLETELY NEW 


FEATURES to make the handling of com- 
poe gases easier, more efficient and 


Corrosive resistant regulators tor use with anhydrous 
Hydrogen Chicride, Ammonia, Hydrogen Swifide 
end mony other corrosive gases 

@ Complete line of specie! flowmeters covering ali 
normal leberctery flew ranges, calibration of 
which con be colcvleted from gas properties 

@ Sofety devices, such os cylinder stands, 
check volves to prevent bock-flow into regulators. 
and safety relief volves 

@ The new Motheson “QUICK COUPLER,”’ evel! 
able on practically oll volves and regulators, 
allowing sate attechment te cylinder volves 
without the wse of wrenches 


SEND FOR A COPY OF OUR NEW CATALOG... 


Listing the world's most diversified steck of 
COMPRESSED GASES! 


Full descriptive deta on approximately 75 comprened goses, 
including such information as cylinder pressure, cylinder dimen 
ded p @ and flow control 


sions, ges purity ond 


OPENING SOON 


A New Matheson Plant in Caliternia 
TO BETTER SERVE OUR WESTERN 
CUSTOMERS, with @ complete tine 
ef Matheson goses, regulators end 
valves for immediate delivery! 


The MATHESON 


EAST RUTHERFORD, N. J. 


COMPANY, Inc. 


JOLIET, HLL. 


i 


NEW LIPPINCOTT-McLEOD GAUGE 


In addition to the unique mercury self 
leveling device which allows Automatic Zero 
ing (U0. 8. Pat. No. 2,608,006), the new 
Lippincott McLeod Gauge has Automatic 
Stops which assure precise alignment and re 
production of the reading and evacuating posi 
tions. Vacuum readings sre made instantly 

Other features include « builtin trap, 
precision capillaries, interchangeable scales 
cast aluminum bese and integral mounting 
spring. Ranges: Size A. mm; 


mm; ©, 0-10 mm; D, 0-15 mm Es. $37.50 


NEW BENNERT TYPE MANOMETER 

The wide range, low price and ruggedness 
of the new Keontes Kennert Manometer make 
it an ideal geuge for routine vacuum mee 
surements including vacuum distillation and 
drying operations A moveable scale actuated 
by « rack and pinion assembly enables pre 
“O adjustment 

Kange 40 mm, eubdivisions, 1 mm. The 
siuminum bese ie finished in modern bine 
gray hammertone and provided with « carry 
ing Oomplete as described, with 


mereury fe. $27.50 


handle 


Write for free Bulletin No. VE-3 which deserthes Vacuum Gauges, Diffusion Pumps and other 


racuum 


glasew 


are 
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CHEMICAL ENGINEERING PROGRESS 


LATEST VOLUME— 


Heat Transfer—St. Louis: studies in nucleate boiling, liquid metal, 
convective transfer, solids melting, immiscible liquids, agitated kettles 
(Chemical Engineering Progress Symposium Series No. 17, Vol. 51; paper 
bound; 125 pages; $3.25 to members, $4.25 to nonmembers). 


monograph 


1. Reaction Kinetics by Olaf A. Hougen ($2.25 to members, $3.00 to nonmembers) 
2. Atemizetion and Spray Drying by W. 8. Marshall, Jr. 


($3.25 to members, $4.25 to nonmembers) 
1, Ultrasenics—two symposia 


symposium 
($2.00 to members, $2.75 to nonmembers) 


9. Heat Transfer—Research Studies for 
1954 
2. Phase-Equilibrie—Pittsburgh and 
Heuston 
($3.75 to members, $4.75 to nonmembers) 


($1.50 to members, $2.25 to nonmembers) 


10. Collected Research Papers—for 
Spring 1954 
($3.25 to members, $4.25 to nonmembers) | 


11. Nuclear Engineering—Part | 
($3.25 to members, $4.25 to nonmembers) 


Processes 12. Nuclear Engineering—Part Il 
($3.75 to members, $4.75 to nonmembers) ($3.25 to members, $4.25 to nonmembers) 
5. Heat Transfer—Atiantic City 13. Nuclear Engineering—Part ti! 


($3.25 to members, $4.25 to nonmembers) 


6. Phase-Equilibria—Collected Research 
Papers for 1953 
($3.25 to members, $4.25 to nonmembers) 


7. Applied Thermodynamics 
($3.25 to members, $4.25 to nonmembers) 
6. Communications 16. Mass Transfer—Transport Properties 
($1.00 to members, $1.50 to nonmembers) ($3.25 to members, $4.25 to nonmembers) 


Price of each volume depends on number printed. Series subscriptions, which 
allow a 10% discount, make posible larger runs and consequently lower prices. 


series 


CHEMICAL ENGINEERING PROGRESS, 25 West 45 Street, New York 36, N. Y. 


(0 Please enter my subscription to the CEP Symposium and Monograph Series. | will 
be billed at a subscription discount of 10% with the delivery of each volume. 


($3.25 to members, $4.25 to nonmembers) 


14, lon Exchange 
($3.25 to members, $4.25 to nonmembers) 


15. Mineral Engineering Techniques 
($2.50 to members, $3.75 to nonmembers) 


MAIL THIS COUPON 


Please send: 
C) copies of Reaction Kinetics. 
C) copies of Afomization and Spray Drying. 
0) copies of Ultrasonics. 
copies of Phase-Equilibria—Pittsburgh and Houston. 
0) copies of Phase-Equilibria—Minneapolis and Columbus. 
©) copies of Reaction Kinetics and Transfer Processes. 
copies of Heat Transter—Atlantic City. 
C) copies of Phase-Equilibria—Collected Research Papers for 1953. 
0) copies of Applied Thermodynamics. 
copies of Communicotions. 
C) copies of Heat Transter—Research Studies for 1954. 
C) copies of Collected Research Papers—for Spring 1954. 
copies of Nuclear Engineering—Part |. 
copies of Nuclear Engineering—Part II. 
C0) copies of Nuclear Engineering—Part Iii. 
copies of lon Exchange. 
(J copies of Mineral Engineering Techniques. 
C) copies of Moss Transfer—Transport Properties. 
copies of Heat Transfer—St. Louis. 
, ©) Bill me. (C Check enclosed (odd 3% sales tox for delivery in New York City). 
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lates others to contribute. For the en- 
gineer’s company the gains are also 
many: recognition for a valuable em- 
ployee and for the company; adds to 
the general fund of knowledge from 
which the company profits in its opera- 
tions; raises the self respect of the 
employee which always makes him more 
valuable to the company. 

At the November 30 meeting of the 
Washington-Oregon Section (G. C. 
Szego) a three-man team tackled the 
same problem of technical writing from 
the aspect of report writing: A. T. 
Walton, Simpson Logging Co., J. H 
Holloway, Rayonier, and J. W. Souther, 
U, of Wash. Consensus: a report is an 
action document and the principal prob- 
lem is to get the words off the paper 
and into people’s heads. For this, re- 
ports must be designed, not just written, 
with particular attention being paid to 
the nature of the audience. It is the 
responsibility of the university to turn 
out engineers who can write, but indus- 
try must teach them how to communi- 
cate effectively in their field. 


Manpower and Professionalism 

The chemical engineer can increase 
his value to society and to his employer 
through active participation in his pro- 
fessional society. This was the theme 
of F. J. Van Antwerpen, executive sec 
retary of A.I.Ch.E., in his talk to the 
February meeting of the Maryland 
Section (D. E. Evans). Not overlook- 
ing the many advantages for the pro- 
fessional development of the individual 
engineer to be found in his professional 
society, Van Antwerpen stressed the 
technological advances made through 
standards and codes established by the 
professional engineering societies. For 
A.LCh.E. itself, one of its most active 
fields is the promotion of good employer- 
employee relationships, exemplified by 
the recent (Nov. 1955) publication in 
C.E.P. of the statement on Professional 
Standards. He also indicated that A.I. 
Ch.E. is now the fastest growing en- 
gineering society. 

Turning to manpower, Maynard Bor- 
ing of General Electric contrasted Euro- 
pean methods of producing trained 
engineers with those of the U. S. for 
the January meeting of the Western 
Massachusetts Section (C. H. Fawk- 
ner). College entrance requirements in 
Europe are generally higher than here, 
resulting in a small 12% attrition rate 
compared to 50% in this country. Not 


(Continued on page 107) 
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CLASSIFIED SECTION 


MECHANICAL ENGINEER 
Assistant Lilent engineer to train for two 
years to fill the position of plent engi- 
SITUATIONS OPEN neer in a new organic chemical plent 
scheduled to begin operations in 1958. 
SS = - Five to seven years’ experience in chemi- 

CHEMICAL ENGINEER cal plant maintenance and construction— 


One to three years’ experience for | | organic chemical plant experience pre 


Address Replies to Box Number Care of CHEMICAL ENGINEERING PROGRESS 


chemical process design, study and 
evaluation of new projects 


| Industrial Relations Department ments to Metal & Thermit Corporation, 


WANTED 
CHEMICAL ENGINEERS 


For process development and 
production work. Two to five 
years’ experience preferred. 
Modern expanding chemical PATENTS 

manufacturing plant in New 


ferred. Send resume and salary require- 


GRACE CHEMICAL COMPANY | One Union Street, Carteret, New Jersey 
P. O. Bex 4906 Memphis, Tennessee | 


Martinsville, West Virginia. Petroleum company has the following positions available in Cleveland, — 
Long-range multi-million-dollar Ohio, in a smali but expanding patent division of a research- and 
expansion program now in patent-minded organization: 

progress. Mader vesserch end 1. Patent attorney with sufficient experience in chemical ap- 


development facilities just com- 


pleted. Excellent opportunities plications to work with minimum supervision in preparing 


Write: and prosecuting applications before the Patent Office and 
‘ proceedings in which they may become involved. 
COLUMBIA-SOUTHERN 2. Chemist or chemical engineer with at least B.S., recent 

CHEMICAL CORPORATION graduate, as trainee in patent division. Night law school 
available with generous company contributions towards 

New Martinsville, W. Va. law school courses. 
Attention: | 3. Chemist with some research background for work with 
Industrial Relations Dept. research division in liaison with patent attorneys. Some 
experience in this area essential, and preferably in the 


petroleum industry. 


THE STANDARD OIL CO., (Ohio) 


Reply to: 
development and | E. G. Bidg., 
application 


engineers 


nade 
WITH 
Our expanding development program at Tonawanda, New York offers unusual and 
challenging opportunities to graduate CHEMISTS and CHEMICAL ENGINEERS. These 


openings have high potential for men with imagination and creative ability. Projects 


include MARKET EARCH and APPLICATION DEVELOPMENT on such materiale as: 
« UQUID NITROGEN 


. . indefinite preservation and processing of biological materials 
. application of liquid nitrogen temperature in the shipment of frozen foods without 
intransit refrigeration. 
. application of extreme pressures and low temperstures 


if you ere « chemical engineer 
under 35 years of age, and have 
always wanted to “make the 
move” to @ position providing 
satisfying and challenging ex- 
perience in engineering develop- 
ment and application, take the 
first step in our direction now. 
You will assist plant operating, 
technical, and research personnel 
in problems requiring technical 
foresight and know-how for so- 
lution. Salaries and rate of ad- 
vancement directly related to 
individual performance, proven 
ability, drive, and ambition. 


adsorption 
seperation of hydrocarbons 
. catalysis, purification and pilot plant design 
The magnitude and diversity of LINDE products and processes are appealing to tech 
nical men who are seeking employment with a dynamic company of proven stability. 
BACHELORS, MASTERS, and Ph.D.’s are invited to investigate 


If interested, submit résumé covering education (approximate academic standing), 
experience and background to: 


LINDE AIR PRODUCTS COMPANY 


a division of 


Union Carbide and Carbon Corporation 


P. O. Box 44 
Tonawends, New York 


Attention: Mr. P. |. Emch 
Refer to ad: CEPD 


— — 
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SiX CAREERS 


with Responsibility — Challenge — Recognition 


The Engineering Service Division of du Pont’s Engineering Department provides other units 
of the company with consulting service and technical assistance in increasing capacity and 
yield, in reducing investment and operating costs, and in improving product quality and plant 
efficiency. Long range eareer positions are immediately available in this division to qualified 
graduate engineers experienced in these specialized technical areas: 


PROCESS ANALYSIS 
AND EVALUATION 


Duties are: Assistance in the preparation and analysis 
of basic information for design of operating units and 
supporting facilities in order to obtain optimum per- 
formance with minimum investment and operating 
costs; preparation of flow sheets; evaluation of pro- 
cess alternatives; selection and approximate sizing 
of equipment; and establishment of heat and material 
balances, Position requires five or more years of ex- 
perience in equipment selection, economic evaluation 
of processes, and development of information for 
design of industrial facilities. 


FILTRATION 


Position requires broad and extensive knowledge of 
applications of techniques for separating liquids and 
solids, such as filtration, centrifuging, sedimentation, 
wet-screening, liquid cyclones, etc. Duties include: 
trouble-shooting on existing equipment; increasing 
capacity and improving performance; evaluation of 
alternative equipment; specification of filtration in- 
Stallations; and selection of auxiliary equipment such 
as vacuum pumps, agitation equipment, and mist sep- 
arators. A major responsibility is to keep informed on 
latest technological advances in the fieid. 


FLUID FLOW 


This position will require extensive experience with 
very complex fiuid flow problems, such as are encoun- 
tered in the following types of equipment; distiliation, 
dust collecting, filtration, grinding, drying, materials 
handling, absorption-extraction, and agitation and mix- 
ing. Successful applicant will develop specialized 
equipment such as jet reactors, jet compressors, jet 
absorbers, and pipe line reactors, and provide technical 
advice on fiuid flow problems involved in handling 
slurries, plastics, highly viscous polymers, dispersion, 
and semi-solids. 


APPLIED REACTION KINETICS 


Successful applicant will: assist research and develop- 
ment groups in planning experimental work to study 
reactions in the development of new processes, and 
products; recommend types of laboratory equipment, 
conditions for the experiments, and data to be ob- 
tained; interpret laboratory and semi-works data; and 
use these data to specify size and type of plant equip- 
ment and operating conditions. Will also investigate 
possibilities of increasing capacities and yields 
through modification of existing plant equipment or 
operating conditions. 


HEAT TRANSFER 


Outies include: trouble-shooting on equipment, such 
as pipe tine reactors, fluidized solids reactors, and 
film driers, where heat transfer is one controlling 
factor; selection of equipment, such as heat exchang- 
ers, evaporators, furnaces, and driers; evaluation of 
equipment to determine optimum alternatives; and 
theoretical analysis of problems in heat transfer in 
proposed equipment for new applications. Other typical 
heat transfer problems encountered involve reboilers, 
inert gas generators, direct fired production furnaces, 
and inaiect fired retorts. 


This position requires extensive knowledge of fine 
particle technology and broad experience with size 
reduction operations and equipment. The successful 
applicant will be called on to provide competent tech- 
nical advice on: grinding in liquid media, dust collec- 
tion and screening, size classification, equipment 
evaluation and selection, modification of existing 
equipment for unusual and special grinding problems, 
and handling of finely ground materials. Problems en- 
countered will provide opportunity for developing new 
concepts and extending the known technology. 


INTERVIEWS IN NEW ORLEANS 
May 6-7-8-9 (Sun-Mon-Tues-Wed) 


For appointment, please 


Mr. J. C. Costello, Jr. 


all 
MAgnolia 2371 


Or you may send complete résumé, including details 


of education and experience, to: 


Mr. J. C. Costello, Jr. 


Engineering Department 


Better Things for Setter Living 


E. |. du Pont de Nemours & Co., Inc. * Wilmington 98, Delaware 


through Chemistry 


Chemical Engineering Progress April, 1956 


q 
> 
| 
. 
i 
| 


CHEMISTS 
CHEMICAL ENGINEERS 


Expanding basic and applied research 
program of leading manvufecturer of 
heavy and fine inorganics requires addi- 
tional research and engineering person- 


nel. 
levels: 


Senior Chemist 
metal separation techniques, 
particular emphasis on solvent ex- 
traction and chelation, 
experience, 2 
leader 

Chemist—-BS or MS—inorganic—2-4 
years’ experience or recent Ph.D. 


Junior Chemist—-BS or MS inorganic 


interests—-no experience required. 
unter, Ch.E.-BS or MS—pilet plant 
work. 


APPLICATION ENGINEERING 


Product Development Engineer—-BS— 
2-4 years——-works with customers in 
promoting applications for recently 
develo chemical compounds, or 
in developing new products 


Technical Service Engineer—BS—2-4 
years—clean-cut sales personality— 
advises customers in metal finishing 
or tanning industries. 


Openings also exist for process engi- 
neers, design engineers, and junior engi- 
neers in manufacturing and maintenance. 
Liberal salary and benefits—rapid pro- 
fessional advancement. 


List age, experience, and professional 
qualifications. All salaries open. 
tacation Central East. 

REPLY BOX 34 


4-6 years’ 
years project or group 


Immediate openings exist at all 


Ph.D.—advanced 
with 


TECHNICAL INFORMATION 
SECTION SUPERVISOR 


An individual with an advanced 
degree in physical science or 
engineering field, preferably 
chemistry or Chemical Engi- 
neering, to supervise activities 
of three groups, engaged in 
(1) technical literature searches, 
translations and abstracting, 
(2) technical library and (3) tech- 
nical files maintenance. Salary 
open, dependent upon experi- 
ence. 


Please submit résumé to: 


Employee Relations Manager 
Research & Development Department 
Phillips Petroleum Company 
Bartlesville, Oklahoma 


| 
| 


EXCEPTIONAL OPPORTUNITY 


CHEMICAL ENGINEER 
PROCESS DESIGN 


electrical, 


and opportunity above average 


salary requirement. 
know of this ad. 


Our 


FOR 
Process Design Engineers 
Large eastern chemical! industrial con- 
cern has openings at Niagara Falls, 
New York for process design engineers 
with B.S. or M.S. degree in chemical, 


or mechanical engineering 
Responsibilities will involve sufficient 


Your reply will be held confidential 
Include age, education, experience and 
employees 


Prominent engineering firm in down. 
town Cincinnati, engaged in chemical 
plant design and construction, is look 
ing for a chemical engineer with at 
least five years process design experi 
ence Position involves flow sheet 
formulations, process calculations, 
theoretical evaluations, cost estimates, 
etc. We are especially interested in « 
person who can handle broad-range 
engineering assignments and important 


reonal responsibility with distinct 

knowledge to translate pilot plant end for individual recog 
process development information into nition. In every respect this is @ gece 
opportunity in an aggressive, medium 

conte plant design. Electrical organization which has been 
engineers with rectifier experience help- serving the expanding chemical indus 
ful. Prefer five years’ industri.’ «+- try for 55 years. Please include per 
perience. E lent facilici eaiery sonal data, education, experience and 


grecene salary in your reply. Send to 


. M. Hunter 


VULCAN ENGINEERING DIV. 
Vulcan Copper and Supply Co. 
120 Sycamore Cincinnati 2, Obie 


All replies confidential. 


RESEARCH CHEMISTS AND PRODUCTION ENGINEERS 

New openings available for graduate chemists and for production 
engineers in a nationally expanding chemical manufacturing concern. | 
We are noted for promotion from within policies, progressive manage- | 
ment, financial stability, good salaries and excellent benefit programs 
Men we seek must be creative, enthusiastic workers with good tech- 
nical training and experience. Recent graduates considered. Reloca- 
tion expenses paid. Send résumé and salary requirements to Box 2-4. 


CHEMICAL ENGINEERS 
Unlimited opportunity with. . . 


Projects involve practical design and development engineering in | 


* distillation 
* heat transfer 
* thermodynamics * 
* fluid flow 


stress analysis 


* equipment design . 
instrumentation and controls 


These projects are associated with the production end distribution 
of oxygen, nitrogen and argon as low temperature liquid or gases 
6.5., M.S., or Ph.D. graduates with up to five years’ experience are 
invited to investigate. 


LINDE AIR PRODUCTS COMPANY 


Union Carbide and Carbon Corporation 


Send résumés to: Mr. P. 
Refer to ad CEP4 


LOW TEMPERATURE ENGINEERING 


* pilot plant design and operation 
process engineering | 
* fabricating techniques 


a division of | 


1. Emch P.O. Box 44 


New York | 


lonawanda 


words 


DIRECTIONS FOR USE OF CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical 
advance at 20¢ « word, with a minimum of four lines ace 
Advertisements average about six words « line 


— 


Engineering Progress are payable in 
epted. number counts as two 
Members of the American Inetitute 


of Chemical Engineers in good standing are allowed one six-line Situation Wanted insertion 


(about 56 words) free of charge « year 
rates. Prospective 


Engineering Progress agree that all communications will be acknowledged 


available on that condition 
of type may be specified by advertiser 
the box number, Classified Section 


Chemical Engineering Progress 


Chemical 
New York 36, N. Y. Telephone COlumbus 5.7550 
im the editorial offices the I5th of the month preceding publication 


Members may 


enter more than one ineertion at half 

employers and employees in using the Classified Section of Chemical 
the service ie meade 

Boxed advertisements are available at $17 « column inch Size 


Anewers to edvertisements should be addressed to 
Engineering Progress, 25 Weet 45th Street, 
Advertisements for this section should be 
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NOW OFFERS 
DESIGN ENGINEERS 


a continuous flow of 
Diversified, Original Assignments 


New products with new problems are continually under development at DU PONT— 
it is our Design Engineers who find successful solutions for the commercial production 
of these products, Assignments are stimulating, different, difficult—not repetitive. 


If you are a talented graduate engineer with four or more years’ design experience, 
DU PONT has opportunity for you. Consider this vital fact—our policy is promotion 


from within. 


Apply teday to fill one of the 
immediate openings for 

PROCESS AND EQUIPMENT 
DESIGNER-ENGINEER 


Successful applicants will be cap 
able, either now or with training, 
of translating research data into 
workable equipment and process 
designs. Will enjoy and have 
ability to work as a part of an 
engineering design team. Will be 
capable of handling field design 
problems which will involve work- 
ing with shop or construction 
people, Experience in the design 
of processes or process equipment 
for chemical, petroleum, food proe- 
essing and allied industries, knowl. 
edge of ASME Code For Unfired 
Pressure Vessels, and shop fabrica- 
tion or piping design practice is 
helpful but not essential. 


Applicants selected will make in- 
dependent analysis, exercise indi- 
vidual judgment and coordinate 
the work of others while engineer 
ing and designing process equip 
ment ineluding tanks, vessels, dis- 
tillation columns and machines. 
Equipment arrangements and pip 
ing work will also be included. 
Assignments are challenging and 
ereative with full reeognition for 
achievement, 


Experience in the application and installation of instru- 
ments for the control of chemica] processes is required. 
Design experience should be in pneumatic and electronic 
instrumentation for the measurement and control of 
process variables, including layout of complex graphic 
type panels. 

Successful applicants will design and engineer systems 
as outlined, giving consideration to economic installation 
and maintenance features. He will also assist in the 
development of control diagrams, prepare installation 
layouts and detailed hook-ups for unique application, 
write specifications and assist construction personnel in 
installation problems. 


Experience in the design of industrial plant facilities 
required to supply utility services to chemical processes 
is desired. Applicable experience should be in steam 
generation and distribution, water supply and treatment, 
refrigeration, fire protection, outside pipe lines, process 
waste disposal and industrial furnaces. 


Successful applicants will design and engineer a variety 
of the above mentioned facilities as are required by new 
or existing chemical processes. Work will involve not 
only economic installations, but also the challenge of 
meeting specia] requirements in connection with process 
problems. 


INTERVIEWS IN NEW ORLEANS 
May 6, 7, 8, 9 (Sun.-Mon.-Tuves.-Wed.) 
For appointment, please call 
Mr. J. C. Costelle, Jr., MAgnolia 2371 


Or you may «send complete résumé, including details 
of education and experience to: 


Mr. T. J. Donovan 


Engineering Department 


E. |. du Pont de Nemours & Co., Inc. 


Wilmington 98, Delaware 


v.s eat orf 


Better Things for Better Living 
through Chemistry 
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are interested in a career i 
POWER 


Combustion Engineering 
has immediate openings for 
SENIOR POSITIONS at its new 
NUCLEAR ENGINEERING AND 


DEVELOPMENT CENTER 
WINDSOR, CONNECTICUT 


Challenging careers are open to qualified 
PHYSICISTS 
MATHEMATICIANS 
METALLURGISTS 
MECHANICAL ENGINEERS 
CHEMICAL ENGINEERS 
AERONAUTICAL ENGINEERS 
ELECTRICAL ENGINEERS 
NUCLEAR ENGINEERS 
DESIGN ENGINEERS 
STRUCTURES ENGINEERS 


Power is Combustion’s business, whether the heat 
source be conventional or nuclear fuels. For nearly 
three-quarters of a century, C-E has been designing 
and manufacturing equipment for the generation of 
steam to produce power. A decade ago, it moved natu- 
rally into the nuclear power field. And now, with the 
new facilities under construction and completed at its 
Chattanooga plant—and the soon-to-be-completed 
Center at Windsor — Combustion is uniquely qualified 
for a leading role in the atomic power industry. 


Combustion is the third major contractor selected by 
AEC to design and build a Naval nuclear propulsion 
system — and will be the first company in the country 
to complete such a contract using its own facilities. It 
is also designing and manufacturing a large portion of 
the reactor vessels and steam generators for electric 
utility and Naval nuclear power plants. 


At Combustion’s Nuclear Center in Windsor, only 
8 miles from Hartford, you will find CAREERS — not 
jobs — and the opportunity for advanced education at 
nearby graduate schools under Combustion’s tuition 
reimbursement plan. Moreover, you can establish your 
home in a delightful countryside providing every facil- 
ity for pleasant living. Relocation assistance is, of 
course, provided. 8.908 


Must be U. 5S. Citizen. Replies held in 
strict confidence. Submit complete resume. 


COMBUSTION ENGINEERING, Inc. 
REACTOR DEVELOPMENT DIVISION 

Room 1021, Port Authority Bidg., 111 Eighth Ave., New York, N.Y. 
Phone: MUrray Hill 9-4600, Ext. 720 


CHEMICAL ENGINEER 
CHALLENGING OPPORTUNITY with 


a future in process engineering or mill 
production engineering with a major 
multi-plant company in the vegetable 
ofl industry. After training in metro 
politan area in Eastern United States, 
assignment will be made to selected 
mill location 


REQUIREMENTS 
Age under 30 
Degree in chemical engineering 
Experience desirable not essential 
Please submit detailed résumé includ 
ing academic and industrial background 
and ealary requirements. All replies 
will be held in etrict confidence 


ADDRESS: Box 26.4, 
Chemical Engineering Progress 


CHEMICAL ENGINEER 


Extensive experience pilot plent de- 
sign, construction end operation. Must 
possess sound engineering beckground 
with extensive experience supervising 
personnel. 

Excellent opportunity on pilot plent 
research laboratory staff in Trenton 
Princeton, New Jersey area. 

Interviews arranged with Laboratory 
Director Mail confidential, complete 
chronological resume, including educe- 
tion and employment (names and ed- 
dresses of employers, dates employed, 
positions held and scope of responsi 
bility, saleries received, etc.), to 


Personnel Department 
HYDROCARBON RESEARCH, INC. 
115 Broadway New York 6, N. Y. 
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CHEMICAL ENGINEERS 


Chemical plant, located itn South 
Charleston, West Virginia, producing 
chlorine, caustic soda, carbon bisul- 
phide and related orgenic and in 
organic compounds, has challenging 
openings for 

PROCESS DEVELOPMENT ENGI- 
NEERS with up to eight years e=x- 
perience in development, research or 
operating work to carry out etudies to 
improve existing operctions, design 
and assist in the start-up of new 
operations 

OPERATING SUPERVISORS for 
responsible rotating shift supervision 
in production areas. Chemical engi 
neers or chemiete with one to four 
years experience preferred 

MAINTENANCE ENGINEERS with 
up to 15 supervisory or sta 
experience in chemical plant mainten 
ance work 

PROJECT ENGINEERS with up te 
ten years experience in technical 
supervision of netruction§ projecte 
and process design necessary for the 
preperation of engineering drawings 
and in the direction of field inetalle 
tions 
All applicants replying should heave 
potential for promotion. Please send 
résumé and requirements to 


WESTVACO CHLOR-ALKALI DIVISION 
Food Machinery and Chemical Corp. 


Drawer 6127 
South Charleston, Weet Virginie 
Attention: Department 6 


] 
| | 
| 


PETROLEUM REFINERY PROCESSING PLANT EXPERIENCE 


Leading firm specializing in engineering and construction of petroleum 

refining and chemical plants, with main offices in New York City, requires 

groduate enginesr experienced in commissioning petroleum refinery 
engineering 


processing plants. Must be capable of assuming 
engineering assignments. 


office between field 


Box #7-4 


CHEMISTS AND CHEMICAL ENGINEERS 

For research, development and sales 
services (polyethylene) or plant tech- 
nical service, pilot plants, process de- 


sign and operations supervision in « 
multi-unit petro-chemical plant. 


Challenging and permenant 
with excellent growth potential for 
chemists and chemical engineers hav- 
ing 2 to 6 years applicable experience. 
Operations involve Hydrocarbon, 
Ethylene, Ethyl Alcohol, Ethyl Chlor- 
ide and Polyethylene Unit 


Liberal and Comprehensive employee 
benefit program, If interested, send 
resume of qualifications to Personnel 
Department. Company representatives 
will be at the Jung Hotel in New Or 
leans (NATIONAL) A.LCh.E. MEET- 
NGS 
NATIONAL PETRO-CHEMICALS 
CORPORATION 


Tuscola, Ilinois Box 109 


CHEMICAL ENGINEER 


Well-known manufacturer of continuous 


chemical process machinery is in urgent 
need of a chemical engineer who is ex- 
perienced in research and development 


This position offers a splendid 


activities 
opportunity with an unlimited future. 
Please include educational background, 
a detailed description of previous ex- 
perience, as well as salary requirements 
in your reply. 


Write Box No, 27-4 


EXPERIENCED MACHINERY SALESMAN 
with following to sell large lines of con- 
veyors, vibrating screens, crushers, feeders, 
bucket elevators, conveyor belting, gear re- 
ducers, motors, Commission. BONDED 
SCALE AND MACHINE CO. 2199 South 
Third Street, Columbus, Ohio. 


PAPER MAKING OR CHEMICAL ENGINEER. 
ING GRADUATE under forty with technical 
experience in paper or paperboard. Man 
selected will do product and process de- 
velopment work in a progressive Mid- 
western board mill and converting plant. 
Salary will be commensurate with experi- 
ence and capability with excellent advance. 
ment opportunities In replying, send 
complete background of education and 
experience along with salary requirements 
to Bou 4-4 


ASSISTANT PROFESSORSHIP in 
engineerin for A.LChE. E.C 
eredited department. Ph.D. required. To 
begin September 1956. Write D. L. Green, 
Clarkeon College of Technology, Potsdam, 
New York. 


chemical 
P.D 


duties in 


Replies should give complete personal 
data, education, experience and salary 


requirements. 


SITUATIONS WANTED 


A.L.Ch.E. Members 
SALES MANAGEMENT —Ten years’ success- 


ful sales engineering and instrument ap- 
plication to the chemical industry. Other 
experience five years’ production super- 
vision of petrochemicals. Desire sales man- 
agement work for company ending equip- 
ment to chemical, nuclear, or metallurgical 
industries. Box 6-4. 


PROJECT MANAGER.—Fully qualified to 
take a project from the engineering and 
economic evaluation stages through to 
construction and successful operation. 
Tough jobs welcomed. Foreign assignments 
too, Box 6-4 

ENGINEER, CHEMICAL—Fifteen years’ di- 
versified experience in production, develop- 
ment, engineering, and. maintenance. De- 
sires position in management, production, 
or engineering. Small to medium company 
preferred. Box 9-4. 


CHEMICAL, ENGINEER.—-Seeks tough ad- 
ministrative staff assignment with engineer- 
ing, consulting or producing firm. Ex- 
tensive experience in engineering, operation 
and economic appraisal of chemical and 
allied process plants. Able program ad- 
ministrator, coordinator, expeditor; excep- 
tional record solving organization, budget, 
job and personnel application problems. 


Box 10-4 
RESEARCH-DEVELOPMENT, SUPERVISORY 


Fourteen years’ diversified experience 
in research, process development and pro- 
duction of organic chemicals including 
special equipment design, technical report 
wae, supervision. Prefer research, pro- 
cess development. Present salary $10,000. 
Age 36, family. Box 11-4 


CHEMICAL ENGINEERPh.D. Twenty years’ 
industrial experience in petroleum, petro 
chemicals, organics Desires responsible 
position in development, design or tech- 
nical service. Box 12-4. 


CHEMICAL ENGINEER--A.B.. BS. Age 34. 
Thirteen years’ research and development 
experience on synthetic polymers, especially 
films, fibers, foams. Administrative abilities. 
Desire Northern New Jersey——Metropolitan 
New York area. $10,000 min. Box 13-4. 


CHEMICAL ENGINEER M.S 
experience in development, 
engineering economics. Group supervisor 
in plastics process evaluation. Desire chal- 
lenging work in process design and evalua. 
tion of plastics or chemicals Family, 
veteran. Box 14-4, 


SENIOR PROCESS ENGINEER.Age 350, 
PE. Seven years’ experience, process de- 
sign and development. Publications, honor 
societies. Specialist in distillation proc- 
esses. Startup experience. Excellent refer- 
ences. Present salary in five figures. New 
York area preferred. Box 15-4 


CHEMICAL ENGINEERING SUPERVISOR— 
M.S.C: E., PE Age 34. Eight years’ suc- 
cessful experience in organic pilot plant 
and inorganic plant operations Desires 
managerial or supervisory position in pro- 
duction or development. Box 


CHEMICAL ENGINEER..B.S.ChE. Age 30. 
Seven years’ diversified production experi- 
ence Desires permanent position with 
chemical engineering work in process de- 
velopment or design. Box 17-4. 


Five years’ 
design and 
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BIOCHEMICAL ENGINEER..M.S. Age 26, 
family, veteran. Four years’ experience in 
fermentation; including production super- 
vision, development, bic-engineering, and 
process evaluation and control, Desire en- 
gineering position in fermentation develop- 
ment or administrative responsibility in 
production. Northeast preferred. Box 18-4. 


CAL ENGIN — B.ChE 
Studying M.S.Ch.E. (night) Two years 
experience research and development both 
pilot plant and laboratory. Some super- 
visory experience. Desire position pilot 
lant or production. Prefer Metropolitan 
ew York area. $5,600. Box 19-4 


1952. 


CHEMICAL Eight 
years’ process design and development in 
orgenic processing including equipment 
design and purchasing, cost estimating, 
report writing and plant start-up. Presently 
employed. Northern New Jersey area de- 

sired. Box 20.4, 

CHEMICAL ENGINEER—Eight years’ experi- 
ence in the manufacture of heavy, fine and 
pharmaceutical chemicals Desires posi- 
tion in process or production engineering 
or administration in New York Metropolitan 
area. Present salary $7,600. Box 21-4. 


CHEMICAL ENGINEER—M.Ch.E Age 27, 
single, Phi Lambda Upsilon. Presently Lieu- 
tenant Junior Grade in Navy, will be re- 
leased December 1956. Three years’ experi- 
ence in development and research of rocket 
engines and fuels. Experience includes heat 
transfer, fluid mechanics and some me 
chanical design New York City, New 
Jersey area preferred. Box 22-4 

INDUSTRIAL MARKET RESEARCH DIREC- 
TOR—Available for development and plan- 
ning. Technical sales experience with major 
chemical company, consultant to top man- 
agement large and small industrial com- 
panies, experienced appraiser of new ven- 
tures. Preferred location North Atlantic 
states. Age 45, married, two children. 
Box 23-4. 

UNUSUAL OPPORTUNITY for a chemical, 
petroleum or allied organization to obtain 
the services of a top level Ph.D. chemical 
engineer just returning from foreign ser- 
vice. Age 36. Broad range of experience 
in petroleum, petrochemicals, heavy and 
organic chemicals, automatic control, cata- 
lytic processes and consulting Business 
education. Interests in management, orgen- 
jazation, planning, coordination, liaison, 
communications, operations research, eco- 
nomics, commercial development, market 
research, technical sales Extensive ex- 
perience in fundamental chemical tech- 
nology, applied research, process develop- 
ment and engineering. Mid-Atlantic States 
referred but also available for extensive 
oreign and domestic travel. Box 24-4. 


CHEMICAL ENGINEER—M.Se., Sigma Xi. 
Seven years’ experience, research and de- 
velopment. process design of catalytic petro- 
leum refining processes. Metropolitan area 
desired. Box 
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News of the Field 


FROM LOCAL SECTIONS 


(Continued from page 100) 


only is our attrition rate high, indicating 


| lack of previous careful selection or 
preparation, but the actual number of 
students entering engineering has 


dropped, although the trend is now 
| reversing. A major cause of this is 
the lack of incentive imparted to high 
Solves flow problems accurately | school students to enter enginecring, 
for any liquid in a few seconds. and the fact that, due to the shortage 
Calculates pressure drop, flow of proper science teachers, our high 
rate, pipe size. For both turby- school students are getting much less 
lent and laminar flow. For more science training. We do make better 
information use of our trained engineers after gradu- 
ation than most European nations, but 
Write for Bulletin 62. there seems to be little doubt that Russia 
is ahead of us both in training and 
proper utilization. 


The subject of European chemical en- 
gineering was the subject of two other 
330 Kimball Rood meetings, the January meeting of the 
lowa City, lowe Oklahoma Section (/.. A. Warzel) and 
the February meeting of the Charleston 
Section (A. W. Byer). W. B. Reynolds, 
Phillips Petroleum, told the Oklahoma 
engineers that concentration of con- 
sumer market, availability of raw ma- 
terials, and the lower cost of labur are 


three important items of difference be 
tween European and American chemical 


For continuous and accurate industry. Engineers in Europe receive 

DUST SAMPLING ; a lower rate of compensation than Amer 
with permanent records ican engineers but are held in high 
esteem in their communities 


While European industrial chemical 
technology probably lags behind that 
of the U. S., it is rapidly improving and 
may very well surpass us if we become 
complacent, according to S. D. Kirk 


patrick, editorial director of McGraw- TANKS e PIPING 
Hill's chemical magazines, speaking to 
the Charleston Section. Chemical engi 
neering is just beginning to come into PRESSURE VESSELS 
its own as a profession in Europe, de 


KONISAMPLER 
(pet. pond.) spite considerable resistance from the 


older scientists who still favor the chem 


relolon Uae vent quiet — ist, and the chemical industry is booming, SPECIAL EQUIPM ENT 


all electric Automatic timer — will partly through American technological 
MISC EXPERIENCE 
iS YOUR 


also operate continuously — secures advances. 
INSURANCE 


particulate matter suitable for 
microscopic, electron microscopic or 
visual and for permanent records Automation | 
on standard glass slides. 
In the last five years electronic com- 
Cost (complete) $225.00 puters have increased in speed 10,000 | 
senEaS times with only a four or five-fold | 
Send for descriptive literature K-1 increase in cost, Charles Benton, Jr., 
and IBM, told the March meeting of the | 
continuous gravimetric and oscillating ar > 
types of thermal precipitaters East Tennessee Section (FR. F. Hunt, 
Jr.). While industry still uses the ma 
JOSEPH B. FICKLEN chines mainly for accounting work, ac 
. tive growth is expected from here on 
| in their use for engineering and process 
control. 


MISCO FABRICATORS, INC. 
Deugaers, Builders, habruaters of Heat Re 


1999 GUOIN STHEET * DETROIT 7, MICHIGAN 
TELEPMOME LORAIN 


| 
| in Conede it's Misco Fabricators of Canada, Lid. 


‘Pasadena 7, California 


Wellond, Onterie 
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Mixing Equipment Co., 


National Carbon Co., A Div. of Union Car- 
bide and Carbon Co. ... 

National Co. ... 

Niagara Blower Co. ... 6! 

Nordstrom Valve Div., Rockwell Mfg. Co. 19, 20 


Potterson-Kelley Co., Inc. 
Permutit Co., The ..... 

Posey Iron Works, Inc. . 
Potter Aeronautical Co. 
Pritchard & Co., J. F. . 
Process Filters, inc. ... 
Proctor & Schwortz, Inc. .. 


Reinhold Publishing Corp. .............. 95 
Rockwell Mfg. Co., Nordstrom Valve Div... 19, 20 


Shriver & Co., inc., T. ... 
Sperry & Co., D. R. 
Spray Engineering Co. . 


Spraying Systems Co. ....... 
Stephens-Adomson Mfg. Co. ...... 


Union Asbestos & Rubber Co. ........ ry 
Union Carbide and Carbon Corp. 


New York 36-—Lansing 1. Dupree, Adv. Mgr.; 
John M. Goede, Asst. Adv. Mgr.; Poul A. 
Joleuver, Dist. Mgr.; Donald J. Stroop, Dist. 
Mer; 25 W. 45th St., Columbus 5-7330. 


Chicago 11—Richard Quinn, Dist. Mgr., 612 
North Michigan Ave., Room 507, Superior 
70385. 


Cleveland 15—fugene 8. Pritchard, Dist. Mgr., 
1836 Euclid Ave., Superior 1.3315. 


Pasadena |-—Richard P. McKey, Dist. Mgr., 465 
East Union St., Ryan 1-6779. 


KEEPING UP WITH 
JET AIRPLANES? 


Some of the same type of engineering development work, which produced 
jet airplanes and such sensational progress in the aviation industry, has 
been done on various types of stationary jets. While results are not as spec- 
tacular, improvements have been even greater percentage-wise in some 
smaller industries. 


For example, the jet heater, working at very high velocity, possibly on 
corrosive liquids, will cost a very small fraction of the price of a surface 
heater. When designed properly, the heater can also raise the pressure of 
the liquid substantially and completely eliminate one or more pumps, which 
car be quite expensive if made from special materials. 


A jet absorber is another good example. In some cases, a unit the approxi- 
mate size of a man's arm can take the place of an absorption tower 3 feet 
in diameter and 10 or 12 feet high, with tremendous savings in first cost and 
no increase in operating cost. The absorber can literally supersaturate a 
liquid with a gas by discharging at a higher pressure than desired. Equili- 
brium is then established by reducing the pressure and liberating some gas, 
leaving a completely saturated solution at any desired pressure within 
certain ranges. 

Of course, progress has also been made in efficiency and dependability of 
the best known application of industrial jets, which is steam jet vacuum 
equipment and vacuum refrigeration. Information on any of this type of 
equipment is available on request. 


EVACTOR Steam Jet air pumps, Boosters and 
Thermocompressors 


CHILL-VACTOR Refrigerating Equipment 
CONDENSERS, Surface, Jet and Barometric 
AQUA-VACTORS, Water Jet Vacuum Pumps 
JET MIXERS, Absorbers and Heaters 

JET FUME SCRUBBERS 

JET PUMPS and Special Jets 


Croll-Reynolds 


Main Office: 751 Central Avenve, Westfield, N. J. 
New York Office: 17 John S&t., New York 38, N. Y. 


CHILL-VACTOR Units * EVACTOR Steam Jets * Condensing Equipment 
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OW Council Works: In recent months I 
have had a great deal of pleasure in speak- 
ing to many Local Sections, where one of the 
questions most frequently asked me is, “What 
are the functions of Council?” . . . Rules for 
Council are laid down in Article V of the Con- 
stitution . . . Council spends the most time on 
the proviso of Section | of the article, ‘that 
Council shall have supervision & care of all 
wer ocd of the Institute & shall transact all 
usiness of the Institute for it & on its behalf’ 
... There are a minimum of six Council meet- 
ings a year .. . The preliminary agenda are dis- 
cussed with the Executive Committee by the 
Secretary & copies with all supplementary docu- 
ments are sent to all members of Council at least 
ten days before the meeting . . . Committee 
Chairmen are invited & members of subcom- 
mittees, etc., are asked to report . . . Routine 
matters are handled by the Executive Committee 
via mail ballot with minutes approved by all 
Council members .. . The load on any member 
of Council can sometimes be heavy, particularly 
when a special problem is under discussion . . 
At present each Council member is responsible 
for wo with a committee & also with a num- 
ber of Local Sections . . . On top of that, special 
tasks may be assigned .. . As an example, Vice- 
president J, Henry Rushton is this year heading 
the Sections Activities Committee & is charged 
with investigating & improving the whole system 
of communication with Local Section officers . . . 
Council Member D. F. Othmer is examining 
the reasons that impel students to join or not 
to join the Institute .. . The work of Council 
may be illustrated by the Council Meeting at 
Los Angeles . . . Most of the morning was de- 
voted to a report by Blaine B. Kuist, Institute 
Representative to the Engineers Joint Council— 
Engineers’ Council for Professional Develop- 
ment Joint Committee on the Practice of Engi- 
neering ... The A.1.Ch.E. has never formulated 
completely an attitude or policy on registration 
of Engineers; instead, it has met each problem 
as it arose . . . Consequently, with many sticky 
problems coming up in this area, Kuist discussed 
with Council his actions & attitude toward regis- 
tration . .. Recent laws provide for registration 
of officers, directors & stockholders of engineer- 
ing corporations, & Council finally evolved the 
tentative policy that A.L.Ch.E. should recognize 
the need for a program which enhances the 


Chemical Engineering Progress 


of A.1.Ch. E. 


public’s es for individual engineers, but 
that only the engineer in responsible charge of 
the engineering work need be licensed .. . 
Council also at Los Angeles, as reported last 
month, amended the by-law to increase registra- 
tion fees at meetings, voted to change the dates 
of the White Sulphur Springs Meeting & of 
the Nuclear Engineering Division Meeting & 
Atomic Exposition . . . It voted changes in the 
by-law covering Student Member subscription 
to A.L.Ch.E. publications . . . heard, considered & 
thoroughly discussed a report of the Sub- 
committee on Professional Standards . . . agreed 
to the recommendation that the name of the 
Industrial Waste Disposal Committee be 
changed to Pollution Control Engineering Com- 


mittee .. . discussed the financial statement and 
budgets of the Institute . . . approved new Local 
Sections . . . acted on the recommendation of the 


appropriate committee to accredit certain cur- 
riculums .. . voted the appointment of R. P. 
Geénereaux as Institute representative and J. C. 
Lawrence as alternate to the A.S.A. Planning 
Committee on Standardization in the Field of 
Nuclear Energy... . Tee the Nominating 
Committee composed of B. F. Dodge, chairman 
and member of Council, New Haven, Conn.; 
A. W. Fisher, Jr., Lexington, Mass.; R. P. 
Genereaux, Wilmington, Del.; D. L. Katz, 
member of Council, Ann Arbor, Mich.; B. B. 
Kuist, Whittier, Calif.; J. W. Mason, Decatur, 
Ga.; W. L. McCabe, New York; E. N. Mortenson, 
Hammond, Ind.; Mott Souders, Emeryville 
Calif.; and C. A. Stokes, member of Council, 
Houston, Tex. . . . Intermountain Chemical 
Engineers will supply the University of Utah & 
Brigham Young University with plaques shaped 
like the Institute shield, upon which the names 
of outstanding graduates in chemical engincer- 
ing are to be inscribed. . . . Student Chapter 
Counselors newly appointed: Columbia Univer- 
sity, Sheldon Friedlander; N. Y. U., William H. 
Kapfer; Stanford, David M. Mason. . . . Presi- 
dential trips are currently being arranged .. . 
One was made immediately after the Los Angeles 
Meeting, one will be made during April, & a 
third will precede the New Orleans Meeting. . . 
President Whitman's trips have been planned 
to cover the following local sections: Philadel- 
yhia-Wilmington, Central Pennsylvania, St. 
Lens Kansas City, Tulsa, Dallas, South 


Texas. 
F.J.V.A. 
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BROWN FINTUBE 
SECTIONAL HEAT EXCHANGERS 


@ Modular design;— can be changed quickly from one 
product and duty to another by simply adding or removing 


sections or changing series-parallel manifolding. Pilot opera- 
tions enlarged easily to semi-works or full plant by direct 
multiplication keeping all conditions in same relationship. 
Standard sizes. Interchangeable. Pressures to 22,000 psi. 


tal PRODUCTS . 
Mild steel, alloy or non-ferrous construction, 


BROWN FINTUBE COMPANY 
Elyria, Ohio 


Engineering and Sales Representatives in the Principal Cities 
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Get these extra years of fluid mixing 
built into every Lightnin Mixer you buy 


When you buy a mixer for fluids, you're banking on 
long, trouble-free service. Are you getting it? 

To see five specific ways you get more mixing for 
the money when you specify turbine-type LIGHTNIN 
Mixers, check these practical questions asked by 
engineers: 


1. Can | remove and replace the mixer shaft 


easily? Yes. You can remove a LIGHTNIN 
Mixer shaft upward or downward, easily 
and safely. This adapter-type fixed bearing 
assembly grips and centers the mixer shaft, 
realigning it accurately when you replace 
the shaft. 


2. What if the impeller accidentally whacks 
something in the tank? Are gears protected? 
Gears are fully protected. This flexible 
coupling absorbs normal and abnormal 
shaft flexures. Coupling acts as a mechanical 
“fuse’’ between the mixer shaft and hollow 
drive quill. Mixer shaft is suspended on 
separate ball bearings independent of the 
speed reducer. The quill surrounds the shaft 
like a sleeve, but does not touch it. Shock 
loads on the shaft can never reach the gears. 


. Can! change mixing speed later if process 
requires it? Yes—provided the new speed 
doesn't increase mixing load 
mixer’s rated capacity. These change gears 
permit quick, simple interchange of as many 
as 16 standard speeds, from 16.5 to 420 
RPM. 


4. How can | cut cost of pressure or vacuum 
mixing? Two ways. This easy-to-service 
stufing box runs longer between packing 
changes, because it's integral with the mixer 
mounting flange—aligned as a anit with the 
shaft bearings for true, steady running. 

And now, you can end stuffing-box 
maintenance for good—with the easy-to- 
change LIGHTNIN rotary mechanical seal. 
The seal, not shown here, takes the place of 
a stuffing box. It stops leakage, runs for 
years without adjustment. Yet you can re- 
place it in minutes if you ever need to—with- 
out dismantling the mixer, without need for 
special skills. 


. Can! change this mixer from one tank to 
another without costly special construction? 
Certainly. You can switch a LIGHTNIN from 
open-tank to closed-tank mounting, from 
top entering to bottom entering, and vice 
versa, and adapt it for low-headroom instal- 
lation. You can make any of these changes 
using standard stock components. 


HERE'S JUST ONE of several hundred standard power-speed com- 
binations you can buy in Series “E" LIGHTNIN Mixers. This double 
reduction assembly provides up to 8 interchangeable mixing speeds, 
from 68 to 280 RPM. It converts easily to single or triple reduction 


Only the Licurnin drive gives you flexibility like this, to 
keep your mixing costs low over the years. 

And every LIGHTNIN Mixer you buy is guaranteed, uncon- 
ditionally, to do the mixing job for which it is recommended. 
Ask your LIGHTNIN representative (listed in Chemical 


for a total range of 16 standard speeds. 


Engineering Catalog) to explain how yow can get extra years 
of fluid mixing, at low mixing cost. Or ask us by mail. 


FOR LATEST MIXING INFORMATION and full description of LIGHTNIN Mixers, 
send for these helpful bulletins: 


([] 8-102 Top or bottom en- [] B-104 Side entering: 1 to 


8-111 Quick-chenge rotary 


Mixers- 


tering; turbine, paddle, and 25 HP mechanical seals for pressure 
propeller types 110 5SOOHP 8.112 Laboratory and vacuum mixing . 
(J 8-103 Top entering; pro- small- batch production types ‘ MIXCO fluid mixing specialists 


peller types: 4 to 3 HP 
(1) 8-108 Portable: Y% to 3 HP 
Check, clip, and mail with your name, title, company address to: 
MIXING EQUIPMENT Co., Inc.,199-d Mt. Read Bivd., Rochester 11, N.Y. 
In Canada: Greey Mixing Equipment, Lid., Toronto 10, Ont. 


(] 8-109 Condensed catalog 
showing all types 


(] 8-107 Dota sheet for fig- 
uring mixer requirements 


>» 


